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1.0 INTRODUCTION 

 

The following Explosive Gas Monitoring Plan (EGMP) has been developed for the evaluation of 

subsurface landfill gas migration at the West Lake Landfill Superfund Site, Operable Unit 2, 

specifically the Inactive Sanitary Landfill (ISL) sub-unit.  This EGMP has been compiled in 

accordance with Missouri Department of Natural Resources (MDNR) regulations in effect at the 

time the landfill ceased accepting waste.  In addition, the general framework of this EGMP 

includes items recommended for evaluation of subsurface landfill gas migration established in 

published U.S. Environmental Protection Agency (EPA) guidance.1 

 

The ISL is subject to regulation under the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA).  The Record of Decision (ROD) for Operable Unit 2, 

including the ISL sub-unit, was issued in July 2008.  The requirements for landfill gas migration 

monitoring and control in 10 CSR 80-3.010(14) (2008) are considered relevant and appropriate 

requirements as set forth in the ROD, and therefore serve as the primary regulatory basis for this 

EGMP.  These regulations are provided in Appendix A in addition to landfill gas sampling 

guidance published by the MDNR. 

 

A general Site location map is illustrated on Figure 1.  Operable Unit 2 is divided generally into 

three specific disposal sub-units.  These include: 

 

• Closed Demolition Landfill (CDL);  

• Former Active Sanitary Landfill (a.k.a. Bridgeton Landfill); and,  

• Inactive Sanitary Landfill (ISL). 
 

ISL limits are illustrated on Figure 2 and are the focus of the EGMP.  A general diagram of the 

entire site and spatial relationship of each sub-unit is illustrated on Figure 3-5, which was obtained 

from remedial investigation reports associated with other portions of the Site2.  Each sub-unit is 

                                                
1 Guidance for Evaluating Landfill Gas Emissions from Closed or Abandoned Facilities, EPA-600/R-05/123a, 
September 2005. 
2 Remedial Investigation Addendum, West Lake Landfill Operable Unit 1, Engineering Management Support, Inc., 
January 25, 2018. 
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believed to be separated by natural geologic materials that remained in place during placement of 

waste in the various units or during excavation associated hard rock quarrying operations. 

 

The ISL is located in the western portion of the Site, southwest of the CDL and west of the 

Bridgeton Landfill. Historic records indicate that the wastes disposed of in the ISL consist 

primarily of municipal sanitary wastes.  

 

Data collected during the Operable Unit 2 Remedial Investigation (RI) indicated that a Remedial 

Action (RA) was warranted for the ISL. Accordingly, a Feasibility Study (FS) was prepared to 

evaluate the appropriate RA for the ISL under CERCLA.  This included requirements for 

evaluation of potential landfill gas migration. This EGMP has been prepared in response to this 

requirement. 
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2.0 SITE ENVIRONS AND GAS MIGRATION MONITORING NETWORK 

 

The entire West Lake Landfill Superfund Site consists of approximately 200-acres located within 

the City of Bridgeton, St. Louis County.  The formal site address is 13570 St. Charles Rock Road.  

The Site is bounded on the north by St. Charles Rock Road and on the east by Taussig Road and 

agricultural land.  Old St. Charles Rock Road borders the southern and western portions of the 

Site.  Property north of the Site (across St. Charles Rock Road) is moderately developed with 

commercial retail and industrial operations. The property northeast of the Site is also developed 

for commercial uses. The property south of the Site is currently experiencing significant 

commercial development. The Earth City Industrial Park is adjacent to the Site on the west. The 

Site is now almost completely surrounded by commercial/industrial properties.  

 

2.1 Topographic Setting  

 

The Site is located in the eastern edge of the Missouri River flood plain. The Missouri River is 

located less than two miles west of the Site. The Site area is transitional between the alluvial flood 

plain immediately to the west and the loessial bluffs 0.5 mile to the east. The edge of the alluvial 

valley is oriented northeast to southwest through the center of the Site. Topography in the area is 

gently rolling. However, the Site's topography has been significantly altered by quarry activities 

in the eastern portion (Bridgeton Landfill) and placement of mine spoils (unused quarry rock) and 

landfilled materials in the western portion in which the ISL is located.  

 

2.2 History of Waste Placement 

 

The ISL, CDL and Bridgeton Landfill operating history is complex and includes numerous and 

specific disposal authorizations.  A detailed discussion of these initial and subsequent waste 

disposal activities are documented in prior Site investigation reports.3  Disposal authorizations for 

the ISL were limited to municipal solid waste.  Based on review of boring logs within the presumed 

                                                
3 Refer to Section 3.3.1, Remedial Investigation Addendum, West Lake Landfill Operable Unit 1, Engineering 
Management Support, Inc., January 25, 2018. 
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limit of waste (Appendix B), materials encountered are consistent with operation as a sanitary 

landfill. 

 

Estimated waste boundaries are depicted on Figure 24.  Additional documentation of waste limits 

will be completed during Remedial Design (RD) “Existing Conditions” investigation, expected to 

be completed in August 2020.  Unless these limits are modified via this field investigation or other 

information gathered pursuant to the RD, the estimated limits identified in Figure 2 will be used 

for development of this EGMP. 

 

2.3 Radius of Evaluation 

 

Consistent with conventional landfill gas migration assessments, and published EPA guidance5, a 

1,000 foot radius from the presumed limit of waste is established within this EGMP for the purpose 

of evaluating off-site receptors.  Off-site structures assumed to currently be occupied, or structures 

that can accommodate occupancy for periods of time exceeding one-hour or more, within 

1,000 feet of the ISL boundary (currently assumed as the limit of waste) are illustrated on Figure 

2.  For the purpose of this EGMP, structures are defined as those having an enclosed occupancy 

space.  Facilities that are considered “open” or not enclosed are also identified for reference.  Those 

structures within the OU-2 Site boundary are not specifically identified as they are addressed in 

the EGMP previously prepared for the Bridgeton Landfill. 

 

2.4 Potential Explosive Gas Migration Pathways. 

 

Within the western perimeter of the site, and within a 1,000 foot radius from the assumed limit of 

waste in the ISL, potential subsurface pathways include a fiber optic system and embedded fence 

posts associated with the facility perimeter fence.  In addition, a sanitary sewer parallels Old St. 

Charles Rock Road which services leachate discharge from the Bridgeton Landfill.  It is noted that 

the location of this infrastructure is being formally documented by the Remedial Design 

                                                
4 For the purposes of this EGMP, estimated waste boundaries are assumed consistent with the site boundary 
established in the Remedial Design Work Plan previously issued for the facility. 
5 Guidance for Evaluating Landfill Gas Emissions from Closed or Abandoned Facilities, EPA-600/R-05/123a, 
September 2005. 
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investigation (RD) via an “Existing Conditions” investigation, expected to be completed in August 

2020. 

 

Both the fiber optic and sanitary sewer are categorized as linear infrastructure that may intercept 

and transmit landfill gas to occupied structures via service entrances.  However, within the 

1,000 radius of the Site, no buildings that do not currently include gas alarms are known to have 

service entrances associated with these utilities.  

 

2.5 Other Potential Sources of Explosive Gas. 

 

Other potential sources of explosive gas at the facility are primarily associated with the adjacent 

Bridgeton Landfill.  In addition, based on regional geology, the potential for lenses of buried 

naturally occurring organic materials associated with alluvial events cannot be discounted as 

potential sources of explosive gas. 

 

2.6 Hydrogeologic and Geological Information. 

 

The regional direction of groundwater flow is in a generally northern direction within the Missouri 

River alluvial valley, parallel or subparallel to the river alignment. The RI data indicate very flat 

gradients in the water table of the alluvial aquifer near the ISL.  Groundwater characterization 

specific to the ISL, including evaluation of groundwater gradients, will be completed following 

investigation of Operable Unit 3.  

 

The western portion of the ISL is also bounded by a flood control canal operated by the Earth City 

Levee District.  Groundwater elevations under the ISL are expected to vary in response to canal 

water elevation and to a lesser extent, groundwater and leachate withdrawal via pumping well 

K-128, located at the southeast margin of the ISL (Figure 2).  The primary importance of this 

interaction is potential variation in groundwater elevations within probable gas migration 

zones.  Such fluctuation may alter gas migration patterns temporally, and thus must be considered 

in the placement and specifically depth of gas monitoring wells. 
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Based on review of stormwater application requirements set forth by the Earth City Levee District, 

stormwater canals are designed with a normal water surface elevation of 433.0 (Earth City Levee 

District datum).  Various aerial surveys generally confirm the water surface resides at this 

elevation.  Therefore, under the assumption of direct communication between the canal and 

alluvial deposits underlying the ISL, canal water surface elevations are assumed to impart 

significant influence on the depth of the unsaturated zone available for gas migration along the 

western perimeter of the ISL. 

 

2.6.1 Natural Site Characteristics that May Act as Natural Impervious Boundaries to Gas 

Migration or Allow Natural Venting of Gas. 

 

As previously indicated, groundwater elevations under and along the perimeter of the ISL are 

expected to vary in response to canal water elevation and to a lesser extent, leachate withdrawal 

from the pumping well K-128 (Figure 2).  In terms of site characteristics that may influence gas 

migration, this interaction is deemed as the most significant with respect to factors that may 

influence the unsaturated zones available for gas migration.   

   

In addition to groundwater, the perimeter berm present along the western boundary of the ISL may 

also impact gas migration.  At this time, the composition of this berm is not known, but will be 

defined through the course of ISL RD investigations (anticipated to be completed the third quarter 

of 2020).  If this berm is comprised of low permeability soils and was properly constructed as a 

gas and/or leachate migration barrier, it will represent an additional barrier to gas migration.  

However, characterization of this berm is not expected to significantly alter the proposed 

placement of gas migration monitoring wells identified in this EGMP.  

 
2.6.2 Potential Explosive Gas Migration Pathways and Their Associated Explosive Gas 

Hazard. 

 

The primary explosive gas migration pathway identified in this EGMP consists of the alluvial 

deposits underlying and surrounding the ISL, principally those on the western perimeter of the site.  
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As these deposits are expected to be highly variable in terms of gas transmissivity potential and 

may also vary in spatial terms, the principal concern regarding gas migration monitoring is 

adequate coverage of potential transmission pathways including potentially discrete zones of 

migration that may occur within complex and highly variable alluvial deposits. 

 

In addition to these alluvial deposits, two utility corridors including fiber optic and a sanitary sewer 

run parallel to Old St. Charles Rock Road on the western perimeter of the ISL.  Each represents a 

potential migration pathway.  However, as gas must migrate through alluvial deposits prior to 

reaching these utility corridors, the alluvial deposits are considered as the primary migration 

pathway.   

 

2.7 Identification of Other Sources of Explosive Gases. 

 

As the ISL is located at a facility with multiple waste disposal units, there is potential for migration 

of explosive gas emanating from the Bridgeton Landfill through or around the ISL toward the 

proposed ISL monitoring network.  At this time, significant direct communication between waste 

disposal units in terms of gas migration is not anticipated.  While this assumption has not been 

formally confirmed based on completed site investigations, ongoing or proposed facility-wide 

investigations will further the understanding of potential communication between disposal units 

and relevant findings may be amended to this EGMP if significant to ISL gas migration 

monitoring.   

 

In addition, due to the presence of a significant gas extraction system within the Bridgeton Landfill, 

the potential for gas migration from the Bridgeton Landfill to the proposed ISL monitoring system 

is deemed remote at this time.  The potential for gas generation from isolated zones of naturally 

occurring organic materials deposited during formation of the alluvial deposits underlying the ISL 

must also be considered.   
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2.8 Geologic Cross Sections and Potential Natural Pathways.  

 

The RI previously completed for Operable Unit 1 (OU-1) at the Site included development of 

geologic cross-sections that traverse the ISL.  These cross-sections provide considerable insight 

into the position of the ISL relative to regional geology and adjacent waste disposal units6.   

 

In general, the ISL is located over an alluvial plain, incised within a limestone bedrock formation.  

These alluvial deposits vary in thickness and exceed 100 feet at some locations.  The current 

interpretation of the ISL relative to underlying and surrounding geology is that of a surface or 

“area” fill.  Based on this interpretation, waste materials were placed directly on alluvial deposits 

(or mine spoil) with no significant excavation below prevailing ground surface. 

 

Figure 5-14 presented in the OU-1 RI Addendum (Appendix C) indicates the base of ISL refuse 

rests in the range of 430 to 460 feet (site datum).  As a means to further refine base grade, various 

borings advanced either within or adjacent to the ISL were also examined to determine ISL base 

grade.  Borings noting waste content and relevant elevation data are summarized in Table 1.  

Borings associated with the ISL that were reviewed and associated well installation logs (as 

applicable) are provided in Appendix B. 

 

TABLE 1 
ESTIMATED BASE OF WASTE 

Boring ID 

Ground 
Surface 

Elevation 
(fmsl) 

Depth to 
Base of 
Waste 

Estimated 
Base of 
Waste 

Comments 

PZ-205AS 454.3 28 426.3 Waste 
PZ-107SS 462.6 28 434.6 Waste 
LR-105 484.2 36 448.2 Waste 
LR-103 460.1 33 427.1 Decayed Vegetation 
LR-102 512.0 76 436 Waste 
LR-101 500.2 54.7 445.5 Waste 
LR-100 467.2 27 440.2 Waste 

 

                                                
6 Remedial Investigation Addendum, West Lake Landfill, Operable Unit 1, Engineering Management Support, Inc., 
January 25, 2018. 
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Based on this boring data, an approximate base of waste may be established at elevation 425 fmsl.  

Correlating this boring data to normal water surface elevations recorded for the Levee District 

canal (433.0 per Earth City Levee District datum), the lower 8 to 10 feet of waste within the ISL 

could potentially be saturated.  If this condition does occur, it may retard to some extent, both gas 

generation and migration within the lower portion of the waste column. 

 

2.9 Discussion of Site Construction Details Including the Type and Characteristics of the 

Liner (if any), Type and Characteristics of Final Cover, and an Evaluation of Existing Cover 

Conditions. 

 

No bottom or sidewall liners are known to have been placed within the ISL.  The cover system 

placed following cessation of waste receipt appears to be a general soil or clay cap and was not 

certified.  Cap thickness and engineering properties are currently under evaluation in accordance 

with the Remedial Design Work Plan (RDWP) and this evaluation is anticipated to be complete in 

the third quarter of 2020.  Should existing cap characteristics be altered during RD or RA activities, 

impacts to potential gas migration will be reevaluated at that time. 

 

2.10 Description of any Existing and Operating Gas Extraction or Gas Venting System. 

 

No existing gas collection or venting system is present at the ISL.  As previously indicated, an 

extensive active gas collection system is operating at the adjacent Bridgeton Landfill.  The impact 

of the adjacent gas collection system on migration patterns within the ISL has not been defined.  

However as the potential gas migration monitoring zone is on the western perimeter of the ISL, 

minimal impact from the Bridgeton Landfill active gas collection system is expected to occur. 

 

2.11 Description of Any Existing Explosive Gas Monitoring System and an Evaluation of its 

Effectiveness. 

 

No existing monitoring system is in operation at the ISL.  A comprehensive monitoring program 

is active at the neighboring Bridgeton Landfill.  To date, this Bridgeton Landfill EGMP has been 
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deemed effective at detecting gas migration from the Bridgeton Landfill, and mitigating off-site 

impacts to occupied structures or associated properties. 

 

2.12 Review of Explosive Gas Generation Potential. 

 

In general, prior investigation of the Site concluded that gas generation potential is “low” due to 

the relative age of refuse as well as “closed” conditions.  As indicated in Section 5.3 and 12.2 of 

the ROD” 

 

“Landfill gas characterization of the Inactive Sanitary Landfill was accomplished 
using various measurement techniques. Air monitoring of the breathing zone 
conducted during 49 borings did not show appreciable impacts from landfill gas. 
Active gas venting was not observed. Direct measurements of landfill gas were made 
along the crest of the landfill. Measurements along the western perimeter were also 
taken. Sporadic impacts from combustible gas emissions and volatile organic 
compounds (VOCs) were observed.” 
 
“Landfill gas characterization of the Inactive Sanitary Landfill indicated the sporadic 
presence of decomposition gases and organic vapors. Typically, gas generation in 
municipal solid waste increases for the first five or six years after placement in the 
landfill and then declines thereafter. Because the landfill has been inactive for 
30 years, decomposition gas generation is relatively low and expected to decline. 
However, even at low generation rates, placement of the landfill cover creates the 
potential for gases to be trapped and accumulate under the cover. To prevent pressure 
build up under the landfill cover and/or lateral migration, gas control systems may be 
required. Gas control measures may involve passive venting or active collection. The 
need for and nature of gas control measures will be evaluated and defined as part of 
the RD.” 

 

(Refer to Sections 5.3, 9.2, 12.2 and 13.2 of the ROD for additional discussion on gas 
generation assessments conducted during prior Site investigations.) 

 

Based on the results of these prior investigations as well as ongoing investigations at the ISL and 

adjacent sites, data collected to date suggest that gas generation potential remains “low”.   

 

2.13 Review and Summary of Historical Records Pertaining to Explosive Gas Investigations. 

 

As indicated in the ROD, investigation of explosive gas was generally related to, or coordinated 

with various intrusive investigations conducted for the purposes of initial site characterization. As 



 

 -11- CEC Project 191-750 
  July 2020 

indicated in Section 2.12, limited gas generation (and therefore limited gas migration) potential 

was inferred through observation of both surface and subsurface Site conditions.  Refer to 

Sections 5.3, 9.2, 12.2 and 13.2 of the ROD for additional information on these historical 

investigations. 

 

2.14 Discussion of the Latest Explosive Gas Investigation for this Site.  

 

As indicated in the ROD, the OU-2 RI was conducted to characterize affected media associated 

with the CDL, Bridgeton Landfill and the ISL.  The RI included studies of the physical and 

biological characteristics, hydrogeologic characteristics, sources of contamination, surface and 

sediment quality, and air quality. Source characterization activities conducted for the ISL included 

landfill gas and leachate characterization. The findings of this characterization related to ISL 

landfill gas are briefly summarized below. 

 

The landfill gas characterization of the ISL was accomplished using various measurement 

techniques. Air monitoring of the worker breathing zones conducted during advancement of 

49 borings did not show appreciable impacts from landfill gas. Active gas venting was not 

observed. Direct measurements of landfill gas were made along the crest of the landfill. 

Measurements along the western perimeter were also taken. Sporadic impacts from combustible 

gas emissions and volatile organic compounds (VOCs) were observed.  

 

In addition to findings documented during the RI, a site reconnaissance was conducted in 

March 2020 by CEC personnel and various site representatives.  This reconnaissance included a 

walking tour of the landfill cap, site perimeter and various potential gas venting locations such as 

surface water ditches, cap transition areas and the entire western perimeter of the landfill.  During 

this activity, no observed evidence of surficial gas migration was recorded which is consistent with 

findings of the RI conducted approximately 15 years prior. 
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2.15 Proposed Explosive Gas Monitoring System 

 

2.15.1 Proposed Permanent Monitor and/or Punch Bar Station Locations, Depths, Screen 

Intervals, and Identification Designations. 

 

The proposed permanent monitor system is illustrated on Figure 2.  The system includes 

six dedicated gas monitoring wells, advanced to elevation 425 (fmsl) which is equivalent to the 

maximum estimated depth of the base of waste within the ISL.  Should ongoing field investigations 

determine an alternate estimated base of waste, installation of supplemental wells or screened 

intervals may be evaluated at that time. 

 

As the ISL is bounded by waste disposal facilities on the south, east and northern perimeters, only 

the western and southwestern perimeter is currently identified for permanent gas monitor 

placement at this time.  Based on monitoring results obtained in these locations, the need for 

additional on-site or off-site monitoring wells will be evaluated as a component of required 

contingency monitoring plans (see Section 2.18).  

 

The proposed gas monitoring wells are spaced at a maximum distance of 500 feet.  Well depth, 

based on the ground surface elevations (approximate elevation is 450 fmsl) adjacent to the western 

perimeter of the ISL is approximately 25 feet.   

 

Due to the expected heterogeneity of alluvial deposits within the proposed monitoring zone, each 

well will be screened continuously from 5 feet below ground surface to elevation 425 fmsl.  The 

upper 5 feet will consist of a well bore seal and concrete anchor for well protective casings.   

 

In consideration of the importance of groundwater levels relative to potential gas migration, each 

well will be fitted with a slip cap, thereby facilitating routine water level measurements.  Each slip 

cap is also configured with a quick connect type fitting, thereby allowing measurement of well gas 

pressures and gas composition in a “sealed” configuration.  The order of data collection will be of 

some level of importance given this well configuration and will be discussed in greater detail in 

Section 2.17.  
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2.15.2 Proposed Punch Bar or Temporary Monitors. 

 

At this time, no punch bar monitoring stations or similar “temporary” monitoring facilities are 

proposed.  Should gas migration be positively identified in the permanent well network, the 

addition of temporary monitoring stations will be evaluated at that time. 

 

2.15.3 Proposed In-building Combustible Gas Alarms and Monitoring 

 

At this time, only one occupied structure is located within 1,000 feet of the estimated limits of 

waste placement that does not currently utilize gas alarms.  As this structure is located on the 

western side of the Earth City Levee Canal, no in-building alarms are currently installed or 

proposed for installation at this location.  Should any positive detections of landfill gas above 

applicable thresholds in the permanent monitoring network be observed, evaluation of the need for 

in-building alarms will be conducted in accordance with contingency monitoring protocol set forth 

in Section 2.18. 

 

2.16 Methods of Construction or Specifications for the Monitoring System. 

 

Specifications related to permanent well installation are provided in Appendix D.   

 

2.17 Explosive Gas Monitoring, Sampling and Reporting Procedures.  

 

2.17.1 Monitoring Frequency.  

 

In accordance with schedules associated with the OU-2 RDWP, the following monitoring schedule 

has been established for the permanent gas well network. 

 

• Weekly – January 8, 2021 through February 16, 2021;  

• Monthly – March 19, 2021 through July 4, 2021; and,  

• Quarterly – July 21, 2021 through end of the established post closure monitoring period. 
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2.17.2 Parameters to be Monitored Including Detailed Step-by-Step Instructions of the 

Proper Procedures to be Utilized in Conducting Monitoring.  

 

The following parameters shall be monitored at all permanent and temporary monitoring locations, 

as noted, in the following order: 

 

• Gas pressure in the permanent monitoring well. 

• Initial combustible gas concentration in percent methane by volume (the monitoring well 
should not be vented prior to measuring the concentration of combustible gas). 

• Water level in the permanent well. 

• Ambient barometric pressure. 

• Ambient air temperature. 

• Observed weather conditions (sunny, overcast, recent precipitation, snow cover, etc.). 

• Observations related to potential gas generation (odors, distressed vegetation, etc.). 

Note:  The monitoring equipment shall have a detection limit below twenty-five percent of 
the lower explosive limit. For the purposes of this EGMP "initial" means immediately after 
the gas pressure measurement so as not to inadvertently vent the monitor. 

 

2.17.3 Data Reporting.   

 

Results of this monitoring shall be transmitted to U.S. EPA at least quarterly within the framework 

of CERCLA monthly status/progress reports.  MDNR will be provided copies via electronic 

submission. Both U.S. EPA and MDNR monitoring reports will be provided in a format and 

manner as prescribed by MDNR per current data reporting procedures. 

 

2.18 Contingency Procedures. 

 

2.18.1 Relevant Contingency Thresholds. 

 

The established threshold for implementation of contingency procedures are established as 

follows.  Note that thresholds apply to current conditions at the site, and also extend to future 
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conditions including the installation of any buildings, enclosures or similar potentially occupied 

structures that may be required as a component of the RA activities: 

 

• Twenty-five percent (25%) of the lower explosive limit (LEL) or one and one quarter 
percent (1.25%) by volume for methane in buildings on the Bridgeton Landfill property (if 
located in the future); and  

• Fifty percent (50%) of the LEL or two and one-half percent (2.5%) by volume for methane 
in the soil at the property boundary of the ISL. 

 

Contingency procedures will consist of the following: 

 

• If methane gas levels exceeding the limits specified in this EGMP, Bridgeton Landfill, LLC 
shall: 

o Immediately evaluate the potential for methane accumulation in on-site and off-site 
buildings; 

o Immediately evaluate measures to reduce methane concentrations at monitored 
property boundaries to below compliance levels;  

o Notify U.S. EPA and MDNR and immediately take all necessary steps to ensure 
protection of public health and safety including; 
 Within 7 days of detection, submit to U.S. EPA and MDNR a report 

describing the steps taken to protect public health and safety; 
 Within 60 days of detection, submit to U.S. EPA and MDNR for approval 

a remediation plan designed by a professional engineer for the methane gas 
releases;  

 Remediation plans shall describe the nature and extent of the problem and 
the proposed remedy. The plan shall be implemented upon departmental 
approval; and 

 U.S. EPA or MDNR may establish alternative schedules reports and 
remediation plans for demonstrating compliance per 10 CSR 
80-3.010(14)(E). 

o When results of monitoring in on-site or off-site structures indicate levels in excess 
of those specified, immediate and appropriate action shall be taken to mitigate the 
effects of landfill gas accumulation in those structures until a permanent 
remediation is completed. Actions which must be undertaken include: 

• Notification of the fire department or other appropriate local public safety 
authorities.  These include: 
o Bridgeton Fire and Police Department - 911 
o Missouri Emergency Response Unit - (573) 634-2436 
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o MDNR Solid Waste Management Program - (573) 751-5401 
o St. Louis County Department of Public Health - (314) 615-4116 

• Notification of adjacent property owners and/or occupants; 

• Ventilation of any confined spaces that may trap decomposition gases or the 
installation of alarm systems in any confined spaces that may trap 
decomposition gases; and 

• Establishment of a temporary methane monitoring program in affected 
structures. 

 

2.18.2 Contingency Monitoring 

 

Contingency monitoring shall continue at no less than a weekly frequency until observation of four 

consecutive monitoring events indicating compliance with applicable gas thresholds.  These four 

consecutive events shall be undertaken over a period of not less than two weeks.
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obtained from the local pollution control
agency. The operating procedures and loca-
tion for burning practices shall be submitted
to the department for review and written
approval. Burning at the sanitary landfill shall
be conducted in accordance with Chapter
643, RSMo, the corresponding rules, the
terms conditions, or both, of the plans, per-
mit, or both, and all local requirements. 

(14) Gas Control. 
(A) Requirement. Decomposition gases

generated within the sanitary landfill shall be
controlled on-site, as necessary, to avoid pos-
ing a hazard to the environment or to public
health and the safety of occupants of adjacent
property. 

(B) Satisfactory Compliance�Design.
1. Plans shall contain a monitoring pro-

gram capable of detecting decomposition gas
migration.

A. The monitoring program must
specify the type of monitoring and be based
on�

(I) Soil conditions;
(II) The hydrogeologic and topo-

graphic conditions surrounding the facility;
and

(III) The location of facility struc-
tures, property boundaries, and off-site fea-
tures.

B. The monitoring program described
in the plans must include:

(I) A written description of the
monitoring system, including spacing of
monitoring locations and frequency of moni-
toring;

(II) The results of any gas assess-
ment that has been performed;

(III) The location of all gas moni-
toring wells shown on a plan sheet;

(IV) A drawing detailing the typical
gas monitoring well design;

(V) The design depths and bottom
elevations of the gas monitoring wells; and

(VI) Boring logs that support the
design gas monitoring well depths.

C. The gas monitoring specified in
the plans shall be performed at gas monitor-
ing wells.  The monitoring program shall
specify how buildings on the landfill proper-
ty are to be monitored.  Gas monitoring wells
shall be designed to monitor the unsaturated
soil and rock down to an elevation equal to
the bottom elevation of the landfill.  Gas
monitoring wells shall be placed between the
landfill and off-site buildings and other fea-
tures that may be harmed by landfill gas or
may easily transmit gas from the landfill.
Gas monitoring well locations at the property
boundary shall not be more than five hundred
feet (500') apart unless the permittee can

show that the potential for gas migration is
low.

2. Plans shall assess the need for gas
control and indicate the location and design
of any vents, barriers or other control mea-
sure to be provided.

A. The gas control system shall be
constructed of materials that are chemically
resistant to the solid wastes managed in the
sanitary landfill and the gas expected to be
generated. These materials shall be specified
in the engineering report and the choice of
materials justified.

B. The gas control system shall be
constructed of materials that are of sufficient
strength and thickness to prevent collapse
under the pressures exerted by overlying sol-
id wastes, cover and by any equipment used
at the sanitary landfill. Overburden pressure
calculations, material specifications and sys-
tem installation procedures shall be included
in the engineering report.

C. Maintenance and repair options
shall be considered in the design and speci-
fied in the engineering report.

D. All applicable permits and
approvals necessary to comply with the
requirements of the Air Conservation Law
and rules promulgated shall be obtained from
the department.

E. The plan shall estimate the maxi-
mum anticipated rate of gas generation at the
disposal area and the length of time over
which it is anticipated to be generated.  The
method by which these calculations are
arrived at shall also be included.

(C) Satisfactory Compliance�Operations.
1. Decomposition gases shall not be

allowed to migrate laterally from the sanitary
landfill to endanger public health and safety
or to pose a hazard to the environment. They
shall be controlled on-site, flared or vented to
the atmosphere directly through the cover,
cut-off trenches or ventilation systems in a
way that they do not accumulate in explosive
or toxic concentrations, especially within
structures. (Information on the limits of
flammability of gases is available in such ref-
erences as the Handbook of Chemistry and
Physics, 68th ed. Cleveland, Chemical Rub-
ber Publishing Co., 1987.) 

2. Decomposition gases shall not be
allowed to concentrate above the following
levels:

A. Twenty-five percent (25%) of the
lower explosive limit (LEL) or one and one-
quarter percent (1.25%) by volume for
methane in buildings on the sanitary landfill
property; and

B. Fifty percent (50%) of the LEL or
two and one-half percent (2.5%) by volume

for methane in the soil at the property bound-
ary of the sanitary landfill.

3. For purposes of this section, lower
explosive limit (LEL) means the lowest per-
cent by volume of a mixture of explosive gas-
es in air that will propagate a flame at twen-
ty-five degrees Celsius (25°C) and atmo-
spheric pressure.

4. Owners/operators of all sanitary land-
fills shall implement a methane monitoring
program capable of detecting decomposition
gas migration in the most likely zone(s) of
migration, to ensure that the standards of
paragraph (14)(C)2. of this rule are met.
Methane monitoring shall be conducted at
least quarterly with equipment warranted by
the manufacturer to detect explosive gases
under the conditions the equipment is to be
used.  Facilities shall submit the results of
this methane monitoring to the department at
least quarterly.  The electronic submission of
methane monitoring data is required.  This
submission shall be in a format and manner
as prescribed by the department.

5. If methane gas levels exceeding the
limits specified in paragraph (14)(C)2. of this
rule are detected, the owner/operator shall�

A. Notify the department and imme-
diately take all necessary steps to ensure pro-
tection of public health and safety which
include:

(I) When results of monitoring in
on-site or off-site structures indicate levels in
excess of those specified, the operator shall
take appropriate action to mitigate the effects
of landfill gas accumulation in those struc-
tures until a permanent remediation is com-
pleted.  Actions which must be undertaken
include:

(a) Notification of the fire
department or other appropriate local public
safety authorities;

(b) Notification of adjacent prop-
erty owners and/or occupants;

(c) Ventilation of any confined
spaces that may trap decomposition gases or
the installation of alarm systems in any con-
fined spaces that may trap decomposition
gases; and

(d) Establishment of a temporary
methane monitoring program in affected
structures.

B. Within seven (7) days of detection,
submit to the department a report describing
the steps taken to protect public health and
safety; 

C. Within sixty (60) days of detection,
submit to the department for approval a reme-
diation plan designed by a professional engi-
neer for the methane gas releases.  A gas
control system shall be designed to�
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(I) Prevent methane accumulation
in on-site and off-site buildings;

(II) Reduce methane concentrations
at monitored property boundaries to below
compliance levels; and

(III) Reduce methane concentra-
tions off-site to below compliance levels;

D. Landfill gas corrective action
plans shall describe the nature and extent of
the problem and the proposed remedy.  The
plan shall be implemented upon departmental
approval; and 

E. The department may establish
alternative schedules for demonstrating com-
pliance with subparagraphs (14)(C)5.B. and
C. of this rule. 

6. The sanitary landfill shall operate in
compliance with all applicable requirements
of Chapter 643, RSMo and corresponding
rules.

(15) Vectors. 
(A) Requirements. Conditions shall be

maintained that are unfavorable for the har-
boring, feeding and breeding of vectors. 

(B) Satisfactory Compliance�Design.
Plans shall include contingency programs for
vector control and the operator shall be pre-
pared at all times to implement those proce-
dures. 

(C) Satisfactory Compliance�Operations.
Vector control contingency programs shall be
implemented when necessary to prevent or
rectify vector problems. 

(16) Aesthetics. 
(A) Requirement. The sanitary landfill

shall be designed and operated at all times in
an aesthetically acceptable manner. 

(B) Satisfactory Compliance�Design.
Plans shall include an effective litter control
facility and operating program. 

(C) Satisfactory Compliance�Operations. 
1. Portable litter fences or other devices

shall be used in the immediate vicinity of the
working face and at other appropriate loca-
tions to control blowing litter. At the end of
each operating day, or more often as
required, litter shall be removed from the
fences and the ground and incorporated into
the cell being used. Alternatively, the litter
may be containerized for disposal on the next
operating day. 

2. Solid wastes that are easily moved by
wind shall be covered, as necessary, to pre-
vent becoming airborne and scattered. 

3. On-site vegetation should be cleared
only as necessary. Natural windbreaks, such
as green belts, should be maintained where
they will improve the appearance and opera-
tion of the sanitary landfill. 

4. Salvage operations shall be conducted
in such a manner as to not detract from the
appearance of the sanitary landfill. Salvaged
materials shall be removed from the sanitary
landfill daily or stored in aesthetically accept-
able containers or enclosures. 

(17) Cover.
(A) Requirement. Cover shall be applied to

minimize fire hazards, infiltration of precipi-
tation, odors and blowing litter; control gas
venting and vectors; discourage scavenging;
and provide a pleasing appearance. 

(B) Satisfactory Compliance�Design. The
owner/operator shall prepare a written clo-
sure plan that describes the steps necessary to
close all sanitary landfill phases at any point
during the active life of the sanitary landfill in
accordance with the requirements of 10 CSR
80-2.030(4)(A). In addition, the final cover
requirements specified in the closure and
post-closure plans shall specify�

1. Cover sources, quantities and soil
classification (Unified Soil Classification
System or United States Department of Agri-
culture classification system); 

2. The capability of the cover to perform
the functions listed in subsection (17)(A) of
this rule;

3. Surface grades and side slopes need-
ed to promote maximum runoff, without
excessive erosion, to minimize infiltration.
Final side slopes shall not exceed twenty-five
percent (25%) unless it has been demon-
strated  in a detailed slope stability analysis
approved by the department that the slopes
can be constructed and maintained through-
out the entire operational life and post-clo-
sure period of the landfill.

4. Procedures to establish and maintain
vegetative growth to combat erosion and
improve appearance of idle and completed
areas. Procedures shall include seeding rate,
fertilizer rate, soil conditioning rate and pro-
visions for mulching;

5. Procedures to maintain a cover
integrity, for example, regrading and recover-
ing;

6. Methods for borrow areas to be
reclaimed so as to restore aesthetic qualities
and prevent excessive erosion;

7.  The final slope of the top of the san-
itary landfill shall have a minimum slope of
five percent (5%); and

8. Shear failure analyses shall be includ-
ed where intermediate or final slopes exceed
twenty-five percent (25%). However, the
department will waive the analysis for slopes
of twenty-five percent (25%) or less, except
in seismic impact zones.

(C) Satisfactory Compliance�Operations.

1. Cover shall be applied by the end of
each operating day regardless of weather;
sources of cover, therefore, shall be accessi-
ble on all operating days. The thickness of the
compacted cover shall not be less than six
inches (6"). Sanitary landfills operating twen-
ty-four (24) hours per day shall incorporate
all solid waste into one (1) or more cells at
least every twenty-four (24) hours. Where a
liner and leachate collection system are in
place, an alternative daily cover may be
approved by the department on a site-specific
basis, if the owner/operator demonstrates that
the alternative material controls run-on,
runoff, disease vectors, fires, odors, blowing
litter and scavenging without presenting a
threat to human health and the environment. 

2. Cover shall be increased to a total
thickness of at least one foot (1') of compact-
ed cover on filled areas of the sanitary land-
fill which are idle for more than sixty (60)
days.

3. No active, intermediate or final slope
shall exceed thirty-three and one-third per-
cent (33 1/3%). 

4. As each phase of the sanitary landfill
is completed, a final cover system shall be
installed at portions of�

A. Existing sanitary landfills without
composite liners. This final cover shall con-
sist of at least two feet (2') of compacted clay
with a coefficient of permeability of 1 × 10-5

cm/sec or less and overlaid by at least one
foot (1') of soil capable of sustaining vegeta-
tive growth; 

B. Sanitary landfills with composite
liners. This final cover shall consist of com-
ponent layers, in order from top to bottom, as
follows:

(I) Two feet (2') of soil capable of
sustaining vegetative growth;

(II) A drainage layer;
(III) A geomembrane liner at least

as thick as the geomembrane liner described
in subparagraph (10)(B)1.G.;

(IV) One foot (1') of compacted
clay with a coefficient of permeability of 1 ×
10-5 cm/sec or less; and

C. The geomembrane liner shall be in
intimate contact with the underlying com-
pacted clay.

5. The installation of the final cover sys-
tems shall include provisions for slope stabil-
ity.

6. The department may approve the use
of an alternative final cover system provided
that the owner/operator can demonstrate to
the department that the alternative design will
be at least equivalent to the final cover system
described in paragraph (17)(C)3. of this rule. 
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MISSOURI DEPARTMENT OF
NATURAL RESOURCES

Sampling of Landfill Gas Monitoring Wells
Technical Bulletin
9/1999

Division of Environmental Quality
Solid Waste Management Program

Recycled Paper

Overview
This document was prepared by the Missouri Department of Natural Resources� Solid Waste
Management Program (SWMP) to provide guidance regarding the quarterly sampling of gas
monitoring wells as required by 10 CSR 80-3.010(14) and 10 CSR 80-4.010(14).  This guidance
applies to all landfills that monitor for methane migration by means of gas monitoring wells.
Sampling results must be submitted at least quarterly to SWMP in an electronic format.

Sampling Equipment
Proper selection of sampling equipment is critical in obtaining true soil gas concentrations.
Explosimeter-type instruments are not appropriate for measuring methane in gas monitoring
wells, because the amount of oxygen which is present in the well may not be sufficient for the
sample to �burn.� These instruments will typically give false low readings when high concentra-
tions of methane are present.

It is recommended that instruments used to sample gas monitoring wells have an automatic
pump that has the ability to withdraw enough volume to bring a fresh sample of soil gas into the
well.  It is also beneficial that the instrument reads both oxygen and methane concentrations.
Some instruments have the ability to read barometric pressure, which is also desirable.

Sampling Procedures
Step 1 - Make sure the instrument is properly calibrated.   Prepare the instrument for sampling
by allowing it to properly warm up as directed by the manufacturer.

Step 2 - Connect the instrument to the well head and begin collecting a sample.

Step 3 - Continue collecting the sample until the reading stabilizes.  A stable reading is one that
does not vary more than 0.5 percent by volume on the instrument�s scale.

Step 4 - A proper reading should have 2 percent oxygen by volume or less.  If levels of oxygen
are higher, it may indicate that air is being drawn into the system giving a false reading of the true
soil gas concentrations.  Possible explanations for this problem are:
A. The gas monitoring well seal has failed;
B. Well head connectors are leaking; or
C. A connection at the instrument is leaking.

When the problem is eliminated repeat Steps 1-3.  If the problem cannot be corrected,  record
those values and make sure that the problem is well documented in the report sent to the de-
partment.

PUB002053

*PUB002053*
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Step 5 - Record the stabilized reading including the oxygen concentration and barometric pres-
sure, if available.

Obtaining true soil gas concentrations from gas monitoring wells is dependent upon using a
consistent proven method.  If you have problems using the sampling procedures described, you
should contact the department as soon as possible.

Sampling Times
Sampling times are almost as important as the procedure used to collect the sample.   Proper
monitoring of the site should include sampling at those times when landfill gas is most likely to
migrate.  Scientific evidence indicates that weather and soil conditions influence when gas will
migrate. For these reasons sampling should be considered when:
A. Barometric pressure is low and soils are saturated; or
B. When snow cover is just beginning to melt; or
C. The ground is frozen or ice covered.

Records
The Solid Waste Management Regulations require that reports on data collected from wells be
submitted to SWMP at least quarterly.  The SWMP recommends that gas monitoring be con-
ducted during the months of February, May, August and November and that the results be
submitted within 30 days of sampling.  The data must be submitted in electronic form.   The
results submitted should contain:
1. The location of monitoring points.
2. Sample results obtained should include the date the sampling was performed and the baro-

metric pressure, if available.   Methane measurements may be given as a percentage of the
total air volume or as a percentage of the Lower Explosive Limit (LEL).  The following formula
can be used to convert a percentage of LEL into a percentage methane by volume:

% Methane (by volume) = LEL (%) ÷ 20
3. The amount of time a well is pumped before a stabilized methane reading is taken.
4. The percent volume of O2 (if the instrument used is capable of measuring).

The form attached to the end of this bulletin may be used to record the information required by
the department.

Conclusions
Missouri has stringent regulations governing landfill gas migration.  The department prefers to
address the issue of migrating gases before they present a threat to public safety or the environ-
ment.

Migrating gases detected above allowable limits at property boundaries do not necessarily mean
that there is an immediate threat to public safety.   It does mean that there is a potential problem
that must be addressed.   In order to address such a problem, a permit modification to install a
gas collection system may be necessary.

References
Landtec Landfill Control Technologies, Landfill Gas System Engineering Design:  A Practical
Approach, course notes from Landfill Gas System Engineering Design Seminar, 1994.
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Missouri Department of Natural Resources, Flood Grant Team, Landfill Gas Monitoring Protocol,
available on the Solid Waste Management Program�s web site.

For more information call or write:
Missouri Department of Natural Resources
Solid Waste Management Program
P.O. Box 176, Jefferson City, MO  65102-0176
1-800-361-4827 or (573) 751-5401 office
(573) 526-3902 fax
(http://www.dnr.state.mo.us/deq/swmp) Program Home Page



Solid Waste Management Program
Quarterly Gas Monitoring Report

Facility: _________________________________________________  Permit Number: ___________

Name of Sample Collector: __________________________________________________________

Date of Observations: _________________

Type of Detection Instrument Used on Wells: ____________________________________________

           - in Buildings: _______________________________________________

Pump Rate of Instrument Used to Monitor Wells:______________________________

Barometric Pressure: __________  Weather Conditions: ___________________________________

Instructions: Under “Location or Well Designation” identify the monitoring wells or describe the
location for other tests (e.g., inside buildings).  A drawing showing the location of test
can be attached.  Report methane readings in either % methane by volume, as % LEL
(Lower Explosive Limit) or both.  A reading in percent methane by volume can be
converted to % LEL as follows:

% methane by volume = % LEL ÷  20

Location or Well
Designation % LEL

% CH4 by
volume % O2 % CO2

Time pumped
(for wells) in

seconds Comments



Location or Well
Designation % LEL

% CH4 by
volume % O2 % CO2

Time pumped
(for wells) in

seconds Comments

If your facility has more gas monitoring locations than there is room on this form, please attach
additional sheets listing the same information as contained on this form.

I hereby certify that the information on this form was collected by me and is correct to the best of my
knowledge and belief.

_________________________________________
SIGNATURE

Submit to: Missouri Department of Natural Resources
Solid Waste Management Program
P.O. Box 176
Jefferson City, MO  65102-0176

Please submit electronic copies to the above address or via electronic mail at:

swmp@mail.dnr.state.mo.us
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SHELBY TUBE: 3.0 inch D,D,/2 13/16 1nc::h I,D, CSH) 

19.0 f'T. 

NORTHING1 1067293.73 
OAllJII EASflN~, 514893.56 El.£VA110N 4 6 7 .2 

10/04/95 

26.0 FT. 

DALL RIG CME 750 

AHGI.E so· l!EI.RING NA 
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C.9' 
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-

co.0-5.S Ft.> Caripo.et, riadert1 te yellowish 
brown ClOYR 5/4), CLAYEY SILT. NR. do.Mp, 
CCL}, <F'ILL) 

@ 0.8 ft., dry 

FroM t,S-5,5 f't,, ln:terl"l!xed orgc.nlc: Matter 
a.nd trO.t:E' wa.ste 

SP 

<D 

SP 

@ 

SP 

1--__ e_s_._0_,_'_·_•_•t--~-~------~---''~46~1~,1~,~~s~.s~~ 
CS.5-22.0 f't.> 'wASTE, wet 

SP 
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SP 

® 

------: ----
: ---------..: ----------------------------..: -------

..: -----: --

LOG 
llORlHG NO. 
LR-100 

SHm 
I o, 2 

ORIUJNO 

!)Alt Diil!: 

10/04/91 10/04/9! 

Lo.ndF!ll co.p 
1.5 F't. thtck 

0,0 ppi"I PtD 

0.1 PPM PtD 

D.O PPM Pro 
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Jllllilllll 
LAIDLAW WASTE SYSTEMS ltfC 

LAfDLA\J/OU2 Rl-FS/MD 
~EST LAKE LANDPILL 

OPERABLE UNIT 2 

SOIL BOREHOLE LOG 
l!OIIINQNO. 

-4,2:1 mc:h f.D./B.25 in-Ch 0,D, Holtow StE'M Auger LR-100 

SHEET 

2 Of' 2 

SPLIT SPOON1 2.0 inch CI.D,/1.S inch l.D. (SP) DRIUJNC 
SHELBY TUQE, 3,0 inC:h O,D./2 l'.3/16 Inch I,D, (SH) STAR!' FINISH 

19.o n TIIIE TIME 

'TIME 1 ti55 7:30 ll•OD 

NORTHING, 1067293.73 
DA11AI EASTING, 514993.56 

DAIE 10104195 DATE DATE 
1-------l"=~"'l----+---+---1 10/04/91 10/04/9! 

IUVATIOH 467.2 CASINO DEPTH 26.0 n. 
Oftl.L RIC CME 750 

ANG!.£ 90' 
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:::- 25 

-1-

::-26 -.... 
L. 
'-27 
t: 
I
L. 

'--:- 28 

-t::-29 
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-.ONA 

(5,5-22.0 ft) \.IASTE, wet 

@ 19.9 ft., incrE!'a.srng o..r,c:iunt oF olive 
gro.y SILT tnterMl)Cecl with waste 

(27.0-28,0 ft.} Col"lpa.Ct, otive gro.y 
(SY 4/1), SIL r. NR, wet, (ML). <LOE:SS) 

Encl er Soll BorE!hcle Log cit 28,0 F't. 

(440 . .2) 

(439.2) 
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--
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-e -

28.0 ----: 
-----



Well No. LR-100 ---------- -
J PIEZOMETER CONSTRUCTION SUMMARY 

Boring No X Ref· LR 100 

II Survey Coords: Northing: 1067294 It. Elevation Ground Level 467.2 ft. NGVD - Easting: 514894 ft. Top of PVC Casing 469.12 ft. NGVD 
"0 

Drilling Summary; Construction Time log: 
Start Finish 

Total Depth 26.0 ft. Task Date Time Date Time -- -- -- --Borehole Diameter a 1w (O.o-2s.o·) Drllling 

'v ' 1.92 ft. CME750 -- -- -- --Casing Stickup Height 10/4/95 7:30 10/4/95 11:0C 
'v -- -- -- --Driller Layne-Western L)Q il ' St. Louis, MO -- -- -- --
'v ---· -- -- --

il ' 
Geophys.Logging: -- -- -- -- I Rig CME750 Casing: v -- -- -- --Bit(s) 4 1/4" ID Hollow Stem Auger Bit 2" I.D. PVC 10/4/95 12:00 10/4195 12;10 v ' -- -- -- --t:.2_: 3: 

v None -- -- -- --
~20 ·::1--- ... v· Drilling Fluid - Filter Placement: -- -- -- --... 

1(1/4195 12:10 10/4/95 13;05 ... ... v -- -- -- --- . .. Protective Casing 8x8" Square Steel, by 5' long Cementing: ... - il ' ···- ... -- -- -- --
:::6=: 

.. 
Development 

'v -- -- -- --' ..... " 
Bentonlte Grout 

~ 
10/4/95 14:45 10/4/95 14:55 

Well Design & Specifications Bentonlte Seal 1014/95 ~ ~ 14:35 -- -- --
30 Basis: Geologic Log ..'£._ Geophysical Log ---

Casing string(s): C = Casing S = Screen Well Development 

Depth String(s) ! Elevation 
+ 1.92 - 19.70 C1 469,1.2 - 447.50 --- I 19.70 - 24.50 S1 447.50 - 442.70 I '·,, 

C2 ---24.50 - 24.80 442.70 - 442.40 --- ---- ---- ---- - Stabilization Test Data: ---- ---- ---
Time pH Spec. Cond. Temp (•C) 

Casing: C1 2" dia. Schedule 80 PVC, 

~50 flush threaded with 0-rings 
C2 2' dla. threaded PVC end cap 

I (4" long or 0.33') 
Screen: S1 2' dia. Schedule 80 PVC, 0.010" machine 

cut slot, flush threaded with 0-rings 

60 
Sand Pack: 16-35 mesh Silica Sand 18.0-26.0' Recovery Data: 

Filter Paci<: 100 mesh Silica Sand 17.0-18.0' ,oo 
•o 
00 

I . 
Grout Seal: Wyo-Ben Grout Well Bentonite Slurry 70 

la M 

I 3.0-11.5' 00 
70 40 

Bentonite Seal: Extra high yield Wyo-Ben (100%) .. 
30 
20 

Slurry 11.5-16.0'; Chips 16.0-17.0' ,o 

Concrete: 0.0-3.0' 0 
0 20 40 00 60 ,oo 

TIME (Minutes) 

Comments: Drilled to 26.0 ft. then collected split spoon sampie from 26.0-28.0 ft. 
80 -

Not to Seale Supervised by B. Harrington Site LAIDlAW/OU2 RI-FS/MO 
Job Number 943-2848 Fiie Na.me LR100 































IIIJIIJTII 
LAIDLAW WASTE SY8TI!M8 me. 

SOIL BOREHOLE LOG 
SITE fWotE Nill LOCATION DIIIWHC 1£1l!OO: BOfllNC NO. 

4.25 inch LD./B,i:?5 inch O,D, Hollow SteM Auge'r LR-103 

SHEET -- I OF 3 

LA£DL.A\J/OU2 RI-fS/MO 
SPLIT SPOON1 2,0 inch O.D./1.5 lnc::h I.D. CSP) DRIWNC 

\J~ST LAK£ LANDFILL SH£L.HY iUBE• 3,0 loch 0.1)./2 13/16 Inch I.D. (SH) START FINISH 
OPERABLE UNIT 2 WATER L£Wl. '6.74 n 1111£ TIME 

11IIE 9116 14•00 9,00 

DA1E 10120195 DA'!!: lllllE 
NORTHING, 1068527,38 

CAS1NCI DEPIII 10119/~ 10/2Dl9' OA't\lU E:AST!NGi 515217.07 El.£VA'llllN 460.1 38,0 F"T. 

DA1LL RIC CME 750 SURl'ACECOHIJll'IONS 
N«ll.E 90• - NA 

S.1111'1.E 111,MMER 

~ i! I i i -- ~ - I -~ O£SCRtPl10N OF IWEllW. 

I 
.... 2 1.,·~ co.0-2.s Ft.> StifF. Moderate yellowish -,_ 

4 2.0' bt"Own (lOYR S/4), CLAYEY S[L T, tro.cl> f';ne -~ -I... 6 (Sll:0 Grnvel, oc:ca.sicno.l i::.ol::Jbles, NR, dry, CCL- SP -'-- 1 8 '- ML>, CF"[Ll) CD -.... -.... 
~ -..... : ~ 

1-- 2 
Id'.~ 

~ I-- -I... 17 (457.6) 2.5 -I... 12 ~:: ltll -- 13 ce.S-3.5 f't,) Very s.trff', MedlW"I gro.y SP -- -c- 3 16 CNS>, SANDY StL T. tittle c-r fira.vet, 
® -c. occnsfcno.t cobbles, SR, da.Mp, (ML), -- CF ILL> -c.. : '-

~ 4 ~ (J.5-7.5 ft.) Ver-y stiff, net:llur,, bluish ~ -'- 9 .,. gra.y (SB 511), SILT, little c-f Sa.nd, \JR, -'- 10 2.0' ~ -'-- 8 ''"" '-
do.np, CML), (f'tLL) 

SP -c.. -= ....._ 5 11 0 ~ -
'- -'-- -.... -
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CN6>, SANDY StLT, Uttl~ c-f Gr"nvel, SR... 
1::- a '- I-- -3 tJ' dciMp, (Ml), CfILL) -I... 5 ~:? ~ -!... 

4 '" SP -.... -

ru 
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I- -2 1.6' -L... 2 2.0' SIL r, little Ftne Sa.nd, tr-a.c:e 1ron -'-- 3 cl*:O IIH sta.1nmg. SR, da.Mp, <ML), CLDESS> SP -I... ..:. t:- 11 2 © -'- -

'- L - a, 
v 

1- - @ 12,0 rt. 
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1111111 
LAfOLAW WAST! SYSTEMS IHC, 

SOIL BOREHOLE LOG 
SIIE tW.tE: AHO 1.0CAllON DRlJ.INO M£l'HOD: IIOftlNIING, 

4.2:5 inch I.D,/8.25 inCh Q.D. Hollow SteM AUgE'r LR-103 

SHEET 

SMIPUNOMEn!OO: 2 OI' 3 

LAlDLA\.1/0UI:? Rl-f"'S/MO 
SPLIT SPOCIN1 2.(l ,nc:h C.D./1.5 Inch r.n. CSP) ORIUJNG 

\JEST L.AKE LANDFILL SHE:LIIY TUBE:i 3.0 tnch a.D./2 13/16 Inch 1.0. CSH) STM!!' F!HISH 
OPERABLE: UNIT c! WA'l!R LEW!l. "6,74 F'T TIIE TIME 

1ll4E 9116 14,00 9,00 

llAlE 10/c!0/9' DAT£ Ql\lE 
NORTHING, 1068527.38 

CASING Olil'1H 10/19/91 10/20/9! DATUM EASTING, 515217.07 EI.EVA110H 460,l 38.0 F"T. 

DAU. RIO CME 750 SURF.M:ECOIIDIT!OHS 
N«lLE 90" - NA 

SWPI.E IW.IMER 

B 
~, I i I -.£ "IIIIIE!I f 

I - I -!! W,GRJPIION OI' IIA1ERW. 

I:: ~ 
(l0.0-]'7,3 Ft,) F'irl'!, MK;>dJUM gro.y CN5>. SP : 

'- SILT. little Flne :S:o.nd, tra.ce iron 
® -'- stc.Jn;ng, SR, do.rip, CML>, CLOESS) -t:;-16 i- --"-- -3 ~ -~ 3 -~ b'i,, -~ 4 SP -:;-17 5 -® -- -

z c 
~ 

~ 

oi 

- -~,a -L. 
f'roM 18.G-19.0 f't., we-t 2:cne '-- -c... 1 2.0' -"- 2 2D' -

t:: 2 ""' II SP : 
:;-19 4 -(440.8) 19.J @ -i-

" (19.3-24,2 Ft,) F'lrM, 9ro.ylsh l:llo.C:k (N2), -'- -

>- 11:i "' E e " z 
<C :c 
"' <.} 

" 
~ SIL. TY CLAY. NR, do.Mp, (CL), CALLUVIUK) -
.::::- 20 ~ ~ -2 ••• -- 4 2.0' -- 6 bot:i: -- SH -~2f 7 

@ -:: 
'- -- -I... -::-22 .... ...._. -2 2.0' : "- 4 aw e 22.s "· color chnnges to !"'ledlt..lM da.rk 
~ 

5 IOll:C gl"'a.y (N4) -- SP -:;-23 8 -® -I... -I... -.... -~24 ~ (435.9) 24.2 ~ -:: 6 ·~· : : : .· CG4.2-39,0 Ft.) CoMpc,ct., ME'diuri gra.y to -... 12 "f[,fF 
'-- IGO~ .... MediuM cia.rk gr-a.y <NS to N4), Fine SAND. -'- 17 .... tra.c:e Silt, NR, de.Mp,. (SF'), (AL!..l.lVJUM) SP -':::-25 15 .... -.... 

@) -.... 
I... .... -... . ... : .... ... 
~26 ;;; L ~ -:: @ 26.0 Pt. 4 1.2' ... 
'- 4 2li' : : : :I - enccunterecf wa.ter 
'- 6 (&Cl:O -'- .... SP -:;-27 15 .... 

@ -
ISII FroM 27.2-27.5 Ft~ CLAYEY SILT layer -I... -\.... .... -.... --28 ••• •L- ....._ -8 2.0· ., . ' -

8 ~ '" -~ 
.... -15 boQ~ .... 
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"""""""' LAIDLAW WASTE SYSTEMS UfC 
SOIL BOREHOLE LOG 

SITE NAME AHO LOCA'IIOII DRIWHGI.IE11t00, BORINCNO. 

4.25 inch r.0./8,25 inCh O.D. Hollow SteM Auger"' LR-103 

Sff£il' -- 3 Of' 3 

LAIDLA\l/£lLJe RI-fS/MO 
SPLIT SPOONi 2.0 Inch O.D./1.5 inch I.D. CSP> DRIUJNG 

VEST LAKE LANDFILL SHELBY TUBE1 3.0 inch 0,D,/2 13/16 Inch I,D, (SH) START FINISH 
OPERABL.E: UNIT 2 WA'IER l.£WI. '36,74 tT TME TIME 

1IIE 9116 14•00 9:00 

DAlE 10/20/95 OOE DA1E 
NORTHJNG1 1068527.38 

CASING DEPTH 10/19/95 10/20/9" 
OA1\.iU E:ASTlNGi 515217.07 El.EYAllON 460.1 38.0 n. 
llAlU. RIC CME 750 SURFACE C0N0m0NS 
AHGt.E ga• - NA 

SIIIPI.E -Mlll 

b ~ I I I SIIIPLE NWlll!JI r 
I 

AHO I -~i!i 
DESCAiP,10N Of' IIA1ERW. 

- 4 1,5' .... C24E-38,0 Ft.) Conpa.c:t, Mediun gro.y to -i... 4 Z-0' f'\edn,.in olo.rk gr-o.y CNS to N4>, f'lnf! SANO, -I... .... -~ 7 75:tl .... tro.c::e Silt, NR, do.l'lp, CSP), (ALLUVIUM) SP -.... 
=-31 10 .... 

@ -.... -- : : : : l- -I... .... -I... -

z c 
I-
~ 
I-

t::-32 .... · ..... ,-.-- -5 !::!.'.. 
.... -. ll e.o· . ... froM 32.3-32.5 f't., tnyers or deco.yed --14 k.,.,, vegeto. tlon SP -...:..33 27 .... 

@ -I... ... ''·- -... .... -'"- .... -I.. .... -t::-34 : : ; : l- ,__ -• . ... : '"- 12 .... 
t:: .... -15 .... SP -t::-35 15 

.... -.... @) .... -'- .... : '-

... . .. '. 
'"- .... -

,.; 

I- i'i:i 21 
"- Q 
A 5.< "' < :c 
"' <.) 
;i; 

!::::-36 .... - -
5 .... -c.. .... -'- • . ... 

: 12 
.... - .... SP 

r=-37 14 .... 
@) -.... @ 37.o rt~ SAND bec;ct'IE<>S Med!UM to f'!ne -I.. 

. . . . 
gro.1necl -.... 

I... .... -'-- .... 
<422.1) 38.0 ...: ::;-38 

. . . . 
End of' So1t Borehole Log o.t 38.0 f't, -'- -'"- -'"- -

!::::-39 --I.. -I... -'- -
t::-40 --
t:: --'"- -!::::-41 --L.. : I... 
'- -
t::- 42 --.... -'"- -
~-43 --:: 

a, 
~ 
m 
ru , 
"' "' ~ 0 

"' .; 
~ 

-..: -.... -:::-« --L.. -'- : -

~ 
.::..; 

j 
CD LW 
0 .... ... i;: 



Well No. LR-1oa 

-
I PIEZOMETER CONSTRUCTION SUMMARY 

~--------8 or in g No X-Ref· LR 103 

• j I Survey Coords: Northing: 1068527 ft • Elevation Ground Level 460.1 fl. NGVD - Easting: 5152171t Top of PVC Casing 461.28 ft. NGVD 
~o 

Drilling Summary: Construction Time log: "' " Start Finish 
Total Depth 40.0 ft. Task Date Time Date Time -- -- -- ···--Borehole Diameter B 1/4" (0.0-40.0') Drilling --,.,oft. -- -- --Casing Stickup Height CME75 10/19/95 14:00 10/20195 9:00 -- -- -- --Driller Layne-Western --10 -- --

=1 St. Louis, MO -- -- --13eophys.Logglng: --Rig CME750 Casing: -- -- --
4 1/4" 10/8 1/4" O.D. Hollow Stem Auger Bit -- -- -- --Blt(s) 2" I.D. PVC 10/20/95 5:55 ltl/20/95 5:59 -- -- -- --

-- -- -- --

~ 
Drilling Fluid None 

20 -- -- -- --Filter Placement: 1Q/20/9S 9:10 10/20/95 10:25 

axe• Square Steel, by 5' tong -- -- --Protective Casing Cementing: -- -- -- --4.: Development -- -- -- --... ... . .. Bentonlte Grout 10f2tlfSS 10:35 10{20/95 10:50 ... 
Welf Design & Specifications Bentonite Seat Toi2iiii6 ~ 10l20iiis ~ .. ~ -- -- -- --.. >-- ... 

Geophysical Log .. - ... Basis: Geologic Log x ~30 - ... ---.. - ... Casing strlng(s): C = Casing S = Screen Well Development .. - ... -.. ... - ... .. - ... 
String(s) Elevation - ... Depth - ... - ... + 1.10 - 28.60 C1 461.28 - 431.SO - --- ---- - 28.60 - 38.40 S1 431.50 - 421 .70 .==:'. 
C2 

---
38.40 - 38.70 421.70 - 421.40 ---- ---- ---- - Stabilization Test Data: --- ---- ---- ---

Time pH Spec. Cond. Temp (0 C) 
Casing: C1 2• dia. Schedule 80 PVC, 

50 flush threaded with 0-rings 
C2 2• dla. threaded PVC end cap 

(4' long or 0.33') 
Screen: S1 2• dla. Schedule ao PVC, 0.01 O" machine 

cut slot, flush threaded with 0-rings 

60 Sand Pack: 16-35 mesh Silica Sand 25.3-39.7' Recovery Data: 

Filter Pack: 100 mesh Silica Sand 23.6-25.3' ,oo 
•o 
ao 

Grout Seal: Wyo-Ben Grout Well Bentonite Slurry 

! 
?O 
00 

3.0-13.0' 50 
70 •o 

Bentonlte Seal: Extra high yield Wyo-Ben (100%) N ,o 
20 

Slurry 13.0-23.6' ,o 
Concrete: 0.0-3.0' 0 

20 BO 0 •o 00 ,oo 

TIME (Minutes) 
Comments: 

60 

Not ta Scale Supervised by M. Sandfor1 Site LAIDLAW/OU2 RI-FSIMO 
Job Numbet 043 2848 - File Name LR103 





I.IJfllll 
LAIDLAW WASTE! 8'r8T!M8 tNC, 

LAtDLA\.//OUE RI-F'S/MD 
\JEST LAKE LANDrtLL 

OPERABLE UNIT 2 

SOIL BOREHOLE 

4.25 inch J,D,/8.CS ;nch D.n. Hollow Steri Auger 

SPi..lT SPOON: 2.0 inC:h O.D./1.5 inch I.D. CSP) 

SHELBY TUBE• 3.0 Inch O.D,/2 13/16 inch LD, (SH) 

WA'!ER l!.\'EL 21.3 FT. 32.0 rT. 

11IIE 13,SO 11'00 

LOG 
80RINONO, 

LR-105 

$li£E1' 

1 OF 3 

llftlLIJNG 

NORTHING1 1067709.56 
DA1UM E'.:AST(NG1 514524.56 El.£VA110N 484,2 

Do\lE l0/03/95 l0/04/95 
I-CASl-'-NG;.;.DEPIH __ -¥

2
"'
9
",

0
"","'r"'. 1'

3
'"

6
"'.o""r"'T"', 1---+---I 1010319• 1010319: 

DlllU. RIC CME 750 

AffGLE 90 .. 

I-

I:: 
I-:=- 1 
1---=- 2 

=- 3 --=- 4 ----=- s ----6 --I,_ 
:::-- 7 
I-

t: 
:::-- 6 -.... -=- 9 ---
;:::- 10 .... 
I
I-,__ 11 
I:: -I-

:::- 12 .... 
1--:-13 

6 
a • a 

4 
3 
7 
43 

4 
3 
2 
4 

a 
6 
10 
5 

1 
2 
2 
4 

2 
3 

' 6 

6 
3 

' 4 

22 
5 
50/4 

ae:MINGNA 

2.0' ····~ co.a-2.2 Ft.) Cor1po.ct, r,odera.te yellowish 
br"own ClDYR 5/4), SILTY CLAY, NR, dry, 
CCL.), (FILL) SP 

-§§§:: 
,,. ~J::..-..,..,,..=,,..,,.=-.-:=::-=:-.==-==----_;,<4:!c8~2;,,0":)'....._25;,c=.t2 -
2.0' (2.2-3,2 rt.> Loose, Ught o\Jve Ql"'a..y 

2 1,3 Ft., do.Mp (j) 

&5'll jff CSV 5/2), SILT, NR. dcu'lp, (Ml), (F'JLL) 

(481,0) 
(3,2-29,2 Ft.) \./ASTE, do.Mp 

@ 7,5 ft., Moist 

@ 9.6 Ft~ wet 

SP 
3.2@ 

SP 

@ 

SP 

0 

SP 

@ 

-
SP 

@ 

I--

SP 

(j) 

I-
SP 
@ 

--
: ---:. -----= ---------

-:: ----: -----
: ----------------: --------: --------

0.0 PPM P[D 

Fa.int petro\t;>UM 
odor 



IIIIJIIIII 
LAIDLAW WA8Tc SYSTEMS INC. 

SOIL BOREHOLE LOG 
Sl1f: - MIO LOCAllOH DRll.1liG -

-Nil. 
4.25 ;nch J.D./8,25 .nch D,D, Hollow Ste-M. Auger LR-105 

SHEET - - 2 OF 3 

LAIDLAIJ/OU2 RJ-tS/MO 
SPLIT SPQON1 2,0 inch O.lJ./1.5 Inch r.n. <SP) -\JEST LAKE: LANDF'tLL SHEL.BY TUBE:1 3,0 inch O,D./2 13/16 inch t.D. CSH) STN!I' FIIIISH 

OP£RASLE UNIT 2 lllllltll 1.£\'EL 21.3 F'T. 32.0 f'T. TIIE '1111£ 

. TIIE 13150 11'00 9145 14•45 

Q,\.JE 10/03/95 10/04/95 llA1E GITE 
NQRTHlNG, 106770'3,56 

CASIHQ DEF!lf 10/03/91 10/03/9 
OA'TUM EAST [NG, 514524.56 ELEVATION 484.2 28.0 F'T. 36.0 FT. 

DRILL RIC CME 750 SURfACECONllfflOHS 
NiGI.E 90' - NA 

S,QIPI.£ --

!I i! I i I -- ~ 

i - I -;t bbi .... llOII OF 111i1ERW. 

:::: v, C3,2-2"J2 F't.) \/ASTE, dnr,p SP -•v -- ® -- ."'..,' --16 '- c 0- -:: o.o PPM Pro 
E 9 .,, 

3 air v < ~ --'- 5 ""'' ~.., SP -:::-11 6 c.. -V< ® -I- i, v -- -.::.. ,a ..,-, -
"'V '-

,____ -'- 3 0.9' -I::: 5 ff V< ~ --'- ; L.4sio "v SP -t::- Hi 50/3 "'v < 
c.. -@ -'- -,_ v"', -~ -

z 
Cl ,_ _, 
;: 
.,; 

is 
~ ... 

"' '" Q 

"' 5.: "' " ti :,; 

"' 
t::- 20 !, v ii: Fron 19.9-23,8 F't,. soMe LiMl:'stone o.nd ~ -50/5 a.• - 0,0 PPM PfD 
'- i!li' v,~ gra.nula.r Soll lnterM"t:<ed with waste -'- ,ao:o I, v SP -,_ -I:;:- 21 v·, 

@ -
i. v -L.. -'- V< -'- -'--22 I. v ,_ 0- -

I::: 7 ... v·, -
13 :;:;, ~ -L... ~.., -'- 20 ..... SP -:::-2:s 12 v~ '- ® -i..., -'- : t:: v, 

1-, v ~ -,::-24 ,___ -7 !.•I' VI - Lo.nelf'ilt gas oc::lcr 
'- a 2.D7 - !l,O ppn P!D 
'- 19 <10',C) ~v SP - Lost shoe on ,_ 

i.v ~ -:::-2s 17 
@ - Sptrt Spoon -... ..,"',~ -

I::__ 26 
-

i. v '- -,..._ -'- 13 1.5' VI -'- 21 air' bv -!.... -!.... 17 15:i!) ..,-, SP -'--27 25 
@ -: t:: I, v 

v,~ -
I:: -

1-,~L --:-28 '-- - 0.0 PPM PfD 9 -. :)7 b"'v -.:: 15 V< (29.2-30.0 ftJ C:onpo.c;t, nedlul"I gro.y SP ...: '--29 11 I, v CN5), S[LTY CLAY, NR, wet, (Cl). crrLL) @ -~ V< -F'roM 29.2-29,8 Ft~ Lnye,... of' L!MESTDNC -I.... •v GRAVEL -

"' "' ' "' ' fi:i " 
ca 
8 ~ 9 Q 

"' ~ 
"' "' ' n 

"' ~ 

" "' .; 
~ 

d 
.:.; 

z I Cl 
0 .., r.:: 



"'""""' SOIL BOREHOLE LOG 
LAIDLAW WASTE SYSTEMS INC. 

ORIIJMl ll£lHCO: BORING NO, 

4,25 inch I,l],/8.f!S ;nch D,D, Hollow Stel'I Auger LR-105 

SPLIT SPOON, 2.0 inch O.D./1.S inch I.D. CSP> 
LA[DLAV/OUe R!·FS/MO 
WEST LAKE LANDtILL 

OPERABLE UNIT 2 
SHE:LBY TUB(• 3.0 Inch 0,D,/2 13/16 inch I,D, (SH) 

NORTHING1 1067709.56 
Do\1\IM EASTING, 5!45e456 

DRJIJ. R1C CME 750 

TIME 

EUVA'llOH 484.e 

et\RIHGNA 

'-..... ..... ..... 
t:- 31 
'---.... 
,=-32 
'-

1 
2 
3 
4 

1.8' 
1!lf 
(9!)'.0 

(30.0-36,0 ft,) \./ASTE, wet 

(36.0-39.0 f'tJ Loose, olive gr-Q:y 
(SY 4/D, SILT, little f'1ne SQ:nci, NR,. 
r-ioist, (ML>, CLOtss, 

Encl of So;t Bore.hole- Log o.t 38.0 f't. 

21.3 FT. 32.D Ff. 

10/03/95 l0/04/95 

2a.o n 36.o n. 

~ 

I 
---ST -

@ ----
~ ...: ---SP ...: 
@ ----,........ ----SP -
@ -: -(448.2) 36.0 ----
SP : 
@) ----(446,2) 38.0 ...: ----------------------------------

3 OF 3 

SfNrl' FINISH 

OIJE DATE 
10/03/91 10/03/9' 

e 31.2 rt., 
chunk oF llMestone 
Cl""ushed end of 
She-\by Tube 
0.0 ppM PlD 

0,0 ppr'! PID 

~ 
0 
(.) 

c., 
z 
3 a:: 
0 

z 
" >--
"' :!, 

"' ll' 
:,: 

'" 

~ 
s 
<.!> 
<.!> 
g 

a, .,. 
le 
' " 3: 

d z 
Ill 
0 ..,. 

,,i 
c, 
:ii 

:j 
~ 
Q 

s.:: 
0 

II< 
' "' ' s 

~ 
0 

"' 0 
;;; 
~ 

LU 
~ z 
LU 
..J r:;: 



Well No. LR-1os ---------- -

t PIEZOMETER CONSTRUCTION SUMMARY 
Survey Coords: Northing: 1oe1110 n. Elevation Ground Level 484.2 fl. NGVD 

Boring No X Ref· LR 10s 

- Easting: 514525ft Top of PVC Casing 486. 79 ft. NGVD ~ 

-o ., 

~ Drilling Summary: Construction nme log: 
Start Finish 

l7 ' Total Depth 38.0 ft. Task Date nme Date Time 
v' -- -- -- --

Borehole Diameter 8 114' (0.0-38.0') Drill Ing 
7 ' 

-- -- -- --
Casing Stickup Height 2.59 ft. CME750 1013/95 9:46 1013/95 14:45 

v' Layne-Western 
-- -- --

Dnller 
10 

7 ' St. Louis, MO 
-- -- -- --

v' -- -- -- --Geophys.Logglng: 
i7 \ -- -- -- --

Rig CME750 Casing: 
v' -- -- -- --Blt(s) 4 114" ID Hollow Stem Auger Bit 2" 1.0. PVC 10/3{95 15:00 10/3/95 15:0S 

"l ' 
-- -- --

v' -- -- -- --Drilling Fluid None 
-20 

7 ' Fiiter Placement: -- -- -- --
10/2/95 16~10 10/3195 1B:OO 

v' Protective Casing 8x9" Square Steel, by 5' long -- -- --pi ~-
7 ' 

Cementing: -- -- -- --... Development 
v' Bentonlte Grout -- -- -- --:-::: " ' -·· Well Design & Specifications Bentonite Seal 10/3195 ,i:oo 1013195 16:40 - .. 
v' -- -- -- ---··· ... - ,,. 

l7 ' 
Basis: Geologic Log ~ Geophysical Log t-30 ... - ... ---- ... 

v' Casing string(s): C = Casing S = Screen Well Development .. ... - ... - l7 ';; - .. .. - .. v' Depth String(s) Elevation ". - . . 
" . ... 

II +2.59 - 26.20 C1 486.79 - 458.00 

26.20 - · 36.00 s, 458.00 - 448.20 ---
36.00 - 36.30 C2 448.20 - 447.90 ---- -

I - - Stabilization Test Data: ---- -/ --- ---

l,o 
Time pH Spec. Cond. Temp (°C) 

Casing: C1 2" dia. Schedule 80 PVC, 
flush threaded with 0-rings 

C2 2" dia.' threaded PVC end cap 
(4" long or 0.33') 

Screen: 81 2" dla. Schedule 80 PVC, 0.010" machine 
cut slot. flush threaded with 0-rlngs 

60 
Sand Pack: 16-35 mesh Silica Sand 22.8-36.5' Recovery Data: 

Filter Pack: Less than 50 mesh Silica Sand ,oo 

21.8-22.8' •o 
eo 

Grout Seal: ! 
70 
eo 
~o 

70 ~ 40 

Bentonite Seal: Extra high yield Wyo-Ben (100%) .. 
30 

Chips 3.0-21.8' 
20 
,o 

Concrete: 0.0-3.0' 
0 

0 20 40 60 80 ,oo 

TIME (Minutes) 

Comments: Drilled to 36.0' and collected spltt spoon sample from 36.0-38.0' 
•80 ~-· .... ~ 

Not to Scole Supervised by 13, Harrington Sile LAIDLAW/OU2 A!-FSfMO 
Job N1.Jmbe, 94 3-284 • e· Na Al 1le me L 05 





llllillll 
LAIDLAW WAATE BYSTEIIB INC. 

SOIL BOREHOLE 
S!IE !IAIIE ANO LOCATION DRII.IJNG ilErHoo: 

,, 

6.25 inch r.n. Hollow SteM Auger 

--LAIDLAV/OU2 RI-fS/MO 
SPLIT SPOON• 2.0 inch O.D.11.5 inch I.D, <SP> 

VEST LAKE LANDflLL SHELBY TUBE, 3.0 inch 0.0./2 13/16 inch l.D. <SH> 
OPERABLE UNIT 2 WATER LEVE. 

'!IIIE 
DA1E 

NORTHINGi 106 7163.45 
CASING OEl'lH DAl\JM EASTING, 515254.52 El.£\/AllON 462.6 

tlftlU. RlG CMC 75 SURFACE CON0010HS 

ANGLE -90" 8EARIIIC 

SAMPI.£ H!ll11£R 

b ~ I I I ~- I 

I Ii I DESCIIIPTION OF MIITeRW. 

.... 3 0.9' ~" . co.o-a.o ft.) StiFF, Modero.te yeUowrsh --I:: 5 a:w brown CIOYR 5/4), SILTY CLAY, tro.ce oF -5 "" very fine So.nd, \JR, do.l"lp, CCL), crILL) SP -..._ 1 5 ~ -.... 0 -.... : 
E- 2 

-- - -2 ••• c2.0-4.0 f't.) Ftrn, yeHow1sh brown -.... 2 air ~ (lOYR S/4), SIL TY Cl.AY, little GrQ.vel, -- """ trace O.l'lOunt of tro.sh o:t bottoM. IJR, -' s• -= - 3 18 - dor,p, CCL>, CFILL> =- ® -- -- -- - -= -4 -
3 C4,0-6.0 F"t.) Very stlf'f', l"lE'dluM Ught -c: U' -a air gro.y (N5) to daf"'k Qf"'eenish grny -.... 11 5S'l'.l 

~'-

<5GY 4/1), SIL TY CLAY, SOME' (irQ.VE'{, s~. SP -'="" 5 
lO noist, (CL), CFILL) 

@ --- -
:: -

C456.6) 6.0 -
-:::::- 6 -• U' v ' CQ.0-1:1.0 ft.) Mixed eta.Mp wQ.Ste o.nd sil:ty -'- a .:.. 17 V Cllly --- 23 ks51C) V'II -- SP -- 7 5 ~ v - © -:: 
E: v,; --'- 17 v -'-- 8 V'II E~ "-- -
'- 7 iLi' (&0-JO,O f't.) Tro.sh -'- 2 a1f "v -.... "1 ,; -.... 4 u:1:n SP -:::- 9 I ~ "1 ® --
~ "1 '\l -'- 17 "1 -c.. -t::"° 10 "1 '\l -· '-- -3 0.0' 

" "1 
Cl0.0-12:.0 Ft.) Vo.Ste 'becoMes wet -'- 3 zF -.... 

' (0~) "1 'I: SP : .... 17 "1 :::- 11 ' @ -
v,; -

[:: -I,, "1 -- (450.6) 12.0 -:::::-- 12 -a 0.0' (12.0-14.0 f't.) No Recovery -.... 32 ff -'- -.... 15 11)1{) ,.. SP -
-::-13 9 "' 0 -"' : > - CJ -.... u -.... "' i::- a "' ~ '-- -6 0.0' '14.0-tS.O Ft.) No Recovery 

SP -I:: 12 ff !:il -
~ @ -- (01.) -

LOG 
IIOfllNG NO, 

PZ-107-SS 
5IET 

I OF 3 -START FlHftlH 
TIME '!IIIE 

13•00 16125 

DA1E DA1E 

3126195 3126195 

--

Fr"'OM 12.a-2a.a Ft~ 
no sa.nptes 
recovered, but 
drilling lndlco. tecf 
Mi><ed wo.ste Qnd 
silty cto.y la.yers 

~ 
0 
(.) 

(.!) 
z 
3 
it: 
Cl 

" ;;; 
CJ 
u 

"' 

"' ~ 
" "' ' M 
~ .. 
d z 
to 
0 ... 

~ 

"' "' '!' 
:; 

~ 
0 
;,: 
:,: 
u 

"' "' " ~ 
N .. 
w 
~ z 
Lu _, 
c.:: 



"'"""'"' LAJDLAW WASTE 8YSTEll8 INC. 
SOIL 

SITE NAME AHO LOCAIION DRI.IJNG IIEIIIOD: 
6,25 1nch 

--LAIDLA\J/OU2 Rt-,S/MO 
SPLIT SPOON• 2.0 

~EST LAKE LANDFILL SHELBY TUBE• 3.0 
OPERABLE UNlT 2 WAlER LEIIEI. -DA1E 

NORTHING• 1067163.45 
CASIKI DEPTH DAl!Jlil EAST!NO• 515254.52 ELf.vAllOII 462.6 

DRU. RIG CME 75 SURFACE CONOOlClNS 

ANCLE -90• -&IIIPLE HAIIM£R 

!f i! I I I SMIPLENUl&R 
AHO 

I OOlCRIPIION OF IIATERW. 

I-
.... .... (15.0-16,0 f't.> No Recovery 

t: 
:::-16 ~ 

(l&.0-18.0 tt.) No Recovery 5 ••• ,_ 
8 2-W ..... 13 """ ~ 

t::-17 6 
,_ 
-
=-1s i- <1a.o-20.o ft.> No Recovel"'y t: 5 .,. 
.... 7 air ,_ 35 tOZ; 

:::- 19 4l 

.... 
~ 

~ 

:::- 20 .... 
5 ·-~ cco.0-22.0 f'tJ No Re>covery .... 5 air ~ .... "' .... 5 '"' w 

> t::- 21 3 c:I 
u .... w - "' - c:I 

,::- 22 z -
5 o.o· CZZ,0-24.0 ft.) No Recovery 

t: 4 2.ir 

t::.. 23 
7 '""' 9 ,_ 

--.... 
:::- 24 - (24.0-26.0 Ft.J No Recovery 6 o.o• - 7 ro1 -- 7 w" 
.::- 25 [O 

-'-
--'::"" 26 5 a.,1• ~ (26.o-ce.o ftJ \.Jo.ste 

-- 5 2.0• 

= 9 Cl:!0%.l 

f::-27 12 

'-
'-
'-
728 (r;;u,0-32,0 ft,) .)tif • darl< 

~ 
greenish gray 

(SGY 4/1}, SILTY CLAY, NR, wet, (CL), 
~ <LOE.S:S) .... 
.-29 
t:: 
'-
'-

BOREHOLE 

I.D, Hollow Sten Auger 

inch O.D.11.5 inr;:h !.D. CSP) 

tnc:h C.D./2 13/16 rnch I.0. (SH> 

I 

I 
SP --® --- -: 

-
SP --
® -: --
'--- -: 

SP --
@ ------ ----SP -
@ -----1-- ----SP ..: 
@ ----
1-- --: 

SP -
@ -----

'--- ----SP 

@ -:. --
(434.6) 28.0 -------: --

LOG 
-NO. PZ-107-SS 

SHEET 

a OF 3 -START -TIE 1lUE 

13100 16•25 

DA1E DA1E 
3/26/95 3/ZG/95 

RE1Wll(S 

~ 
0 
C.l 

0 z 
3 
ii: 
0 

c: 
::; 
c: 
" vi 

i1ri 
0 ..... 
Cl 
Cl g 

"' ~ 
"' "-
' ~ 
~ 

"' 

~ 
ID 
0 ... 

I 
-' !r.J ~, 
::1 

~1 
::,.. 

"' c 
i.:: :r 
u 

I 

i 
I 
I 

.c I 

~1 
"' .... 
c§ 

~, 
"', .. , 
w 
~ 
u.; 
EE 



IIIJIIIJ/f 
LAJDLAW W.ABTe SYSTEMS INC. 

SOIL BOREHOLE LOG 
Sll'E IWAE Nfl l.OCA'IICN DRllJ.H) IIElHCO: -HO. 

G.25 ioch I.D. HoUow Stert Aug1;1r PZ-107-SS 

SHEET -- 3 OF 3 

LA1DLA\,//OU2 RI-F'S/MD 
SPLIT SPOON, 2.0 inch CI.D./1.5 inch I.D. CSP) -\rl[ST LAKE LANDf"lLL SHELBY TUBE• 3.0 Inch 0.0./2 13/16 ;nc::h I.D, <SH> START FHSH 

OPERABLE UNIT 2 WATEJI LEVEi. TIME 1111£ 

llllE 13•00 16•25 

DATE DATE ~TE 
NORTHING• 1067163.45 

CASINC DEPlH 3/26/95 3/26/95 ~- !:ASTING, 515254.52 ELEYATION 462.6 

DRU. RIG CME 75 SURl"M:E COH!llTlONS 
ANGl.E -90· -SOMPl.EtwAIER 

~ 3 I j j -- r 
I - I REMARKS 

!! DESalPna1 OF YATERW. 

I-
-

~ 
<28,0-32.0 f't,) Stif'f'. dlirk grE>enish gro. y -= <SGY 4/1), S[L TY CLAY, NR, wet, (CLJ, --- <LOE SS> -

:::- 31 --,- -- -- (430.6) 32.0 -
;::-- 32 End ot So;l Sorehole Log o. t 32.0 ft. --

r 
"' "' w 
J: 

;i - -- See PZ-107-SS Record of Dr<Hhole for = :::-33 rock desc:riptlcns below 55.0 tt. --
I- -- = :::...34 -,- -

~ 
B Q 

"' Sc 
" :,:: 
'-' '-' 
"' - -

I- -..... -1--35 -:: ,-
t: --,_ -
;::--36 --.... -- = ;::::_ 37 -,- -
t: --,_ -;::-- 38 --- -,- -- -,-.39 -
i:: --,_ -.... -;::--40 --
I- -,- -
::::... 41 

--= -- a, - -,_ ->::--42 --- -- -- -
-::- -43 --

v 

" "' "' ' "' M ... v 0 

"' N .. 
- -- -=-« --- -- -- -

cS 
..;.; 
::::. z ~ 

al w 
0 ...J ..., c;: - -



PROJECT: LAIOLAW/Al·FS 
PROJECT NO: 943,2848 
t.OCATION: BRIDGETON, MO 

L. ,. 

L. 54 

- ,. 

~ .. 

C. GO 

'- .. 

~ .. 

• 

OESCli!F'TION 

0.0-32.0ft. 
See Soil Borehole log 
PZ~107~$S 
32.0-54.0 ft. 
No samples collected 

40&.60 
54.0-59.0 ft. 54.00 
Fresh, medium bedded, pale 
yellowish brownJ1DYR 6/2), 
fine ~raintad, m ium strong, 
lfM STONE. (ST. LOUIS 
FORMATION) 

59.0.63.5~ 
~htly Weathered, medium 

ded, light olive gray 
(SY 5/2), medium ~rained, 
medium strong, A GILLACEOUS 
LIMESTONE. (ST. LOUIS 
FORMATION) 
60.0ft. 
Fossillferous 

63.5-02,3 ft. 
Frash, medium to lhinJy 
bedded, pale yellowish brown 
(10YR $/2), m-c grained, 
medium strong LIMESTONE, 
(ST. LOUIS FORMATION) 

D£PTI-l SCAl.E; 1;2 

§ 
" 'i: 
~ • ~ 

-::: -::: -c --:::: 

I 
:::::: 

~ 
=----
=·-=~ 
-~ -'"'-= 

~ 
--'-

§ 

I g 

I .....~ 
~c:: 
~~· 

~ 
'-:,: 
1-::,:: 
p: 

ORIWNG CONTRACTOft LAYNE-WESTERN 
OAILtEA; 0. MAHURIN 

RECORD OF DRILLHOLE PZ·107·SS 
BORING ME11400: NX C<ne a. Wimtr 
OAtU!NG DATE: S/21195 • 5122195 
OAll.L FIIG: CME 75 

J~ ... '~"""' , ........ ...... 0-<:u-nd -........ U·- SM.-8moa!h .... ..,. ST-
.. _ 

F,flola!IQli 1-JrrogUw Vfl.V. Rllugt1 

> m~ 
ELEV d ~1 ~8 ,w. z 

z RCO u~ 
DEPTH ~ 8il! ~lli a5§~ g 

<F11 • 
N!"G~~ OOOQ g g ...... N 

"'8.BO 
54,00 

! "~ • 

DATUM: MSL 
COOROtNATES N: 10071133.45 
AZIMUTH: O 

,..,,'°"" 
Cl,,Oay Intl 
CH-0-iomo H--QRF.Qra,;el F'ihd 

tmNU TA 

TYPE ANO 
SURFACE 

DESCRIPTION 

J,PL.SM.CL I 
I 

i 
I 

I J,PL.SM 

""'·"" I 
59.00 

J.PLR 

8,PL.SM 

• J,PLSM,CL 
a OB% 

J,PLR 

B,PLSM 

I 
LOGGED: O.ALLOWAY 

Sheet 1 of 4 

COUAA Et.EV: 482.fl 
E: 515254.52 

INCUNAilON: -90 

NOW 
WATEA LEIIEI..S 

INSTRUMENTATION 

5/18/95 • 5/19/95 
A 9 7/8 in. borehole (air 
rotary) was advanced 
through 10 1 /4 in. 10 
hollow Siem augeNi from 
30.0-55.0 ft, and 6 In. 
steel was .sealed In 
borehole from surface to 
55.0 ft. with neat 

-

cement Bedrock was 
encountered at 51.0 ft · 
BGS during drilling 

5121/95 @ 15:30 
Began coring 

. 

-

5121/95 @ 15:50 
End of Run 1 

. 

. 

. 

CHECKED; a TILTON Golder Associates 
DATE: Sr.?0/!ffl 



PROJECT: lA!OLAWIRl·FS 
PROJecT NO: 943-2648 
I.OCATION: BRIDGETON. MO 

K"NPE 

DESCRIPTION 

84 
63.5-82.3 ft 
Fresh, medium to thinly 
bedded, paje yellowlah brown 
(10YR 612), m..c grained, 
medium strong LIMESTONE, 
(ST. LOUIS FORMATION) 

64.3~ 
ArgiUaceous layers common, 

00 stylolfles common 

.. 

70 

72 72.1--72.6 ~ 
Argillaceous layet 

76 

78 

76.7·77.2~ 
Argillaceou1t layer 

78.4-79.9~ 
Arglllat::BOus layer 

DEPTH SCALE; 1:2 

"' a 
~ 

~ 
~ 

if 
"' 

OAIWNG CONTRA.CTOA: LAYNE·WESTEAN 
OAIIJ..EFI; O. MAHURIN 

RECORD OF DRILLHOLE PZ-107-55 
SORING METHOD: NX Care & vmrer OATIJM: MSL 
DRILLING CATE: 5/21/95 • 5122195 COQAO!NATES N: 
ORILLRlG: CME'T5 AZlMUlH: 0 

...... Pl.·Pllr\ar p.pQbhod F-.F~ 

I ~, .. C·CUvi,d ............. CL-0q"1fi{ 
5-Show u-u~ SM-$.mooltl CH"°""' 

I .. .....,, ST,~ ~- H·Htlilikl 
, __ 

Mrr~ VR.Y. Acug1 QRF·Br.iw! Fkd ~ 
~ 0 NU!TYOATA 

0 '.s~ ~ ~ ELEV z w~ ill! ~8 ROD TYflEAND 
D"'™ 

z ~ffi 1;8~ g •§. ~£ " Ow SURFACE 
(fTl • • If 0.. Cl OESCAIPTION ~ ~~ ~ oooa • c 

"l'P'l'N ~·,011;1,... " . •• 

B,PL.SM 

8,PL.SM,CL 

J,PL,SM 

J,PL.SM,CL 

J,PL,SM,CL 

• J,PLH 

4 1,t0 

B,PL.SM,CL (5) 

B,PLSM.CL 

J,l,R 

B,Pl.SM,CL 

J,PL.SM (2) 

J,PL.SM 

Sheet • "' • 
COt.1.AA: Et.EV: ..... 

1067183,45 E: StS254.52 

:i: 
\;; 
z w 
!!: 
~ 

!NCUNATION: "" 
0 
< i 00 9 ... 

1,j ;:; z 
~ c ;:; 

a: Cl:ggg! ... ..... .,_ 
Attll.!2 

z 
Q 

;: 
z 

"' a: 
0 ... 
... 

NOll!S 
WA.TEA LEVEl.S 

INSTAUME:NTATION 

5/21/95 @16:15 
End of Run 2 

5/21195@ 17:40 
End of Run3 

LOGGED: 0. AllOWAY 
CHECKED: B. TIL fON 
CA TIE: 6/20f95 

Golder Associates 

j 
J 



PROJECT: LAIOLAWIAl·FS 
PROJECT NO: 1142848 
ux;ATION: BRIOOETON, MO 

ROCK 

.,, 

,ffi" 
~( 
w 

OESCR!PTION 

0 

BO 63.5-82.3 ft. 
Fresh, medium to thinly 
bedded, pale yellowish brown 
(10YR 6/2), m-c grained, 
medium strong LIMESTONE, 
(ST. LOUIS FORMATION) 

.. 
62.3-84.Sft. 
Slightly weattiered. medium 
bedded, llght olive gray 
(5Y 512), medium Rialned, 
medium Wo,, A GILLACEOUS 
LIMESTONE. ST. LOUIS 
FORMATION) 

B4 

84.6-88.5 h. 
Frosh, medium bedded, pale 
~ellawish brown JtOYR 6/2). 
ne ~rained, me ium strong, 

UM STONE, (ST, LOUIS 
FORMATION) 
Thinly laminated Clay layern .. abundant 

'' 
88.5-94.1 ft. 
Fresh, meditim bedded, Ught 
olive gray (5Y 5{2), fine 
grained, medium stn:ini, 
ARGILLACE:OUS LIME TONE, 
(ST. LOUIS FORMATION) 
Stylolltes abundant 

90 

94 94. 1-97.2 tt 

"' 

Fresh, thinly becfded, pale 
yeltowish brown {10'1i 612), 
fine grained, medium strong, 
LIMESTONE, (ST. LOUIS 
FORMATION) 
Abundant thinly laminated Clay 
!ayers 

OEPlH SCALE: 1 :2 
CAILIJNG CONTRACTOR: 1.AYNE·WESTEAN 
CAILLER: 0. MAHURIN 

g 
~ 

~ 
~ 
" " 

RECORD OF DRILLHOLE PZ-107-SS Sheet ' " 4 
SOFIING METHOD: NX Coro & water DATUM: MSL C<lU.AA EU!'/: ...... 
ORIUJNG DATE: 5121/95 • 5mi95 COORDINATES N: lOB71B3 • .45 E: 5152?W.52 
ORILLR!G: CME7S 

J.J~ , .... ....... -F,FOil!Son 

a EtEV z 
OEl'1ll § 

lF1l "' 

4 

373.60 
8".00 

'""""' P·Pdilhtd 
c-e...v,, ·--U·Urv.wlhg Sr.1,&nooo'l 
ST,Brlpptd ·--J.1rttgLJ.w VR-V, AOl.q, 

> - 0 
" ~e ~§ c~ ROO Bw ~ffi ia~ g 
"' g::g ~,. 0 

$! g !11 .. ..,,. ..... 

100 
~ 

LOGGl=O: 0. NJ..OWA.Y 
CI-IECKEO: a. TILTON 
DATE: 6120/95 

AZIMUTH: 0 INCLINATION: ·90 

F .. FttOJ.ld. 
~ z Cl.a., ... z z 0 0 

CH•Chlllrtl• ffi/;j 
,. 

9 ,= 
H·H•~ ffi 1,'j £ i GRF-(;rz..'$1 Fil,iii;i ;:~ 0 

~ ~ 
NOTES 

" ;!; ~- ~ "' WATER LEVELS UITYOATA ,. ;!; 0 INSTRUMENTATION 

:ii TYPE ANO g! SU-RF.ACE • 00 a:. c,nc ,. ... .. OESCAIPTlON NO ·~-"'"' ""'"' 

J,P~SM (3) 

J.P~SM (2) 

J,PLSM,CL (2) 

J,C,SM 

5121/95 @ 18:40 
End of Run 4 
Quit drilling for 
tho.day 
5/22195 @ 7:30 
Began drilling 

B.P~SM,CL (3) 

Golder Associates 



RECORD OF DRILLHOLE PZ·107·SS -4 " 4 
PROJECT; LAIDLAW/Rl.f'S BORING. MEt"HOO; NX Core & \'nlW DATUM: MSL COUAA El.eV; ..... 
PROJECT NO: 943·2648 OFIIWNG DATE: S/21195-~ COORDINATES N: 1087163.45 e: !it5254.~ 
t.OC\TION: BfilOGEiON, MO DRlLLRIG: CME75 AZIMUTH.: 0 INCLINATION: ·90 

J.Joiit '""""' - F•F.cm,;;, 

"' ~ 'w ,~ ... C·""""' ........... CL.a.,""' z " 0 

' ,. ..... u.u...,..,. ·- CH,,,_ 

I~ 
>- i:'i ! "' <!) 

~ 9 B-Badding ST- A-- ........... z ~ 

.:ffi F,Folalkln """"" \IR.V. ROlql GRF~Filltll w ~ 

~ 
NOTES 

~ ~e "' 3, 
~ -ms >- ;;; WATER LEVELS DESCRIPTION > NUITYOATA 

~ "' "-"' ~ d ~~ ij 3, 0 INSTRUMENrA'ilCN !'l El.EV z .:1~ g 
>--- z 88 ROD 5· TYPE»IO 

~§If ii a: g~gg! "' 01:PTH , 
~ ffi SUFW.4CE 

(f1J ~ ~ 0£SCRIPTION ffi :=~i ...... &! ... <'I "".., IP .. e:u::•cc .,...:,o~~ 0 0 !l2~£ ! IDIO'l'N . . <I):!' cci:c 4': 

L 96 
94.1 ·97.2 fl 1-!;:· . 
Fresh, thinly bedded, ~e ~~ ~eUow!sh brown (10Y 6/2), B,Pl..SM 
ne ~ralned, medium strong, ~;:: LIM STONE,(ST. LOUIS 

FORMATION) ~ ;::, 
Abundant thinly laminat&cl Clay 

i , .. layers 5 
' 97.2-100.7 ft. .... Slightly weathered, medium . bedded, lighl olive gray {5Y 

5/2), fine to medium ?Jralned, 1-~ medium $lrong, ARG LLACEOUS I- 5122/95 @ 8:10 LIMESTONE, (ST. LOUIS ~ End of Run 5 
FOAMATIO:i 363.00 
Calcite filled ealed 

~~. 99.00 
fra<=tures common 

e-§ 

"'"" '=. . 

I ' J,Pl..l\CL 
100.7·104.0 ~ 
Fresh, thinly bedded~e 
r.•llowish b<own (10 6/2), ::::: 
·rn iralned, medium strong, ::S" , .. LIM STONE, (ST. LOUIS 6 1 J,PLR 
FORMATION) == ' 

c \02 Abundant thinly laminated clay ;: . layer.. '.!:: 

i ::::: 
tt 

' J.Pl..R 

5: ' J,PLA 0/22195 @ 8:30 

355.6.0 
b: 

,'358,60 I Finished coring 
" \04 End of Record of Borehole 104.00 104.00 

at 104.0 ft 

~ \00 . 

1-. 108 . 

I.. 110 . 

I- 112 . 

OE?TH SCALE: 1 :2 LOGG'EO: D. AJ.J.ONAY 
ORJWNG CONTRACTOR: LAYNE·WESTEFIN CHECKED: B. TILTON Golder Associates 
DAii.LEA: 0. MAHURIN DATE: 6/20/95 
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Not to Scale 

- -
Well No. Pz-107-ss 

Boring No X-Ref· PZ 107 SS 

PIEZOMETER CONSTRUCTION SUMMARY 

Survey Coords: Northing: 1067163ft Elevation Ground Level 462.6 ft. NGVD 
Easting: 515255 It. Top of PVC Casing 464.66 ft. NGVD 

Drilling Summary: Construction Time log: 
Start Finish 

Total Depth 103.0 tt. Task Date Time Date Time -- --
Borehole Diameter 14 H41n. {0.0-42.0 ft,) 5 7/S ln. ~.0-10::i.o IL) Drilling -- -- -- --Casing Stickup Height 2.03 ft. CME 75 (augers) 3/28195 13:00 ~/2.8195 16:25 -- -- -- --
Driller Layne-Western CME 75 (core) 5121/95 15!30 5/22/95 a:30 -- -- -- --St. Louis, MO Schramm Rotary S/22/95 11:00 5(22195 11:30 -- -- --

Geophys.Logglng: -- -- -- --Rig CME 75, Schramm Portadrlli T660H Casing: -- -- -- --Blt(s) 6 1/4 in. ID Hollow Stem Auger Bit, 2~ PVC 5/2:2/95 1 t:3(1 S/22195 H:35 -- -- -- --NX Core, 5 7/8 in. Button Bit for Reaming 6" Steel 5{18195 9;00 5(18195 14:00 -- --Drilling Fluid Auger-None, NX Core Water, -- -- -- --
Air and Mud Rotary Filter Placement: S/22/95 11:40 5122195 tl:55 -- --Protective Casing axe in. Square Steel, by5 ft. long Cementing: -- -- -- --Development -- -- -- --Bentonite Grout sm,,s 12:10 51'2195 12:45 

Well Design & Specifications 8entonite Seal 11ii:iios 11:SS ~ 1Eo -- -- -- --
Basis: Geologic Log x Geophysical Log ---
Casing strlng(s): C = Casing S = Screen Well Development 

Depth String(s) Elevation 
+ 2.03 - 92.60 C1 464.66 - 370.03 --- ---92.60 - 102.40 $1 370.03 - 3130.23 

102.40 - 102.73 C2 360.23 - 359.90 --- ---
+ 1.00 - SS.DD C3 463.60 - 407.83 

- - Stabilization Test Data: --- ---- ---- --- TI me pH Spec. Cond. Temp ('C) 
Casing: Cl 2 in. dia. Schedule 80 PVC, 

flush threaded with 0-rlngs 
C2 2 in. dia. threaded PVC end cap 

(4 in. long or 0.33 ft.) (C3-see comments) 
Screen: S1 2 In. ctia. Schedule 80 PVC, 0.01 a in. 

machine cut slot, flush threaded with 
i'.l-rings 

Sand Pack: 16-35 mesh Silica Sand, 90.4-103.0 It. Recovery Data: 

Filter Pack: Less than 50 mesh Silica Sand. ,ca 

89.0-90.4 ft. 
90 

80 
70 Grout Seal: Wyo-Ben Grout Well Bentonite Slurry, 

I eo 
3.0-78.0 ft. 50 

40 

Bentonite Seal: Extra high yield Wyo-Ben (100%) N 
30 

Slurry, 78.0-69.0 ft. 
20 
,a 

Concrete: 0.0-3.0 ft. • 0 a 20 •o 00 60 ,00 

TIME (Minutes) 

Comments: Surface Casing C3: 6 1/8 ID I 6 5/8 in. OD Steel Casing 

Supervised by B. Tllton Site LAIDLAWIOU2 RI-FSIMO 
Job Number 943-2848 File Name PZ107SS 

I 

I 
I 





"'""""" LA!OLAW WASTE SYSTEMS INC. 
SOIL BOREHOLE 

6.25 inch I.D, Hollow SteM Auser 

LAIDLAW/CUC RI-FS/MO 
~EST LAK~ LANDFILL 

OPERABLE UNtT 2 

SPLIT SPOON: 2..0 inch Q.D./1.S inch t.D. <SPl 

SHELBY TUBE, 3.0 tnch 0.0.12 13/16 inc:h l.D. <SH> 

WAlER LEVEi. 

NORTHING, !067463.60 
DATUM EASTING: 515463.:l4 Et.EVAl'ION 459.3 --OfflU. R1G CME 75 - TRUCK MOUNT 

ANGLE -90' BfARING 

~- 3 
~ 

'
'-
::::-- 4 .... 
~ 

'-
::::-- 5 
..... ,.... 
~ 

I::- 6 
'
'
L... 

::::-- 7 
..... .... 
~ 

::::-- 8 
'
'..... 
::::-- 9 
~ 

~ 

'-
::::-- 10 
L.. 
I
L.. 

::::-- 11 
L.. .... 
I-
I::- 12 
~ 

'
'-
-13 

4 
7 
7 
10 

l 
2 
2 
4 

2 
2 
2 
3 

I 
4 
4 
3 

6 
5 
6 
4 

2 
2 
3 
3 

2 
9 
3 
2 

6 
8 
8 
7 

,.,·~ .,.. 
m,~~ 

0,5' 
w 
i:!5Zl 

tS' 
ao· 
?5Zl 

o.o· 
e.o· 
{()Zl 

-

IIN 
-

(0.0-2.2 F't.) St1f'F, do.rk greenish gra.y 
(5GY 4/J) to olive gray CS'f 6/1), SILTY 
CLAY, tra.c:e Fine- So.nd, SR, cfc.rtp, (CL>. 
<FILL) 

(2.2-6.0 F't.) Sof't, block <Nl>. CLAYEY 
SILT, trD.ce fine Snnd, \JR, M01st to wet, 
CCL-ML>, Cf'Ill) 

(6,0-12.0 ft.) Mixed wet WllSte o.nd clo.yey 
silt 

CB.0-10.0 f'1:.) Mtxeci wet wa.ste c.nd clc.yey 

"" 

Cli?,0-14,0 ft.) No Recovery 

CJ4,0-l5.0 f't.) No Recovery 

--SP -
0 -= ----

c4S7.t> a.a 1--- -: 
SP --® --------SP --
0 ----(453,3) 6.0 ----SP --
0 ----

-= --SP --® --------
SP -
© -----

{447.3) 12,0 ----
SP --0 ----

" 

SP -:: -
® --

LOG 
80RIHGNO, 

PZ-205-AS 
SH£El' 

1 ' OF 4 

lllllWNG 

STARl' 
TIME 

11,00 

DA1E DA1E 
3/25195 3125195 

Soll beCOME'S wet 
@ 4.D ft, 

F'rOM te,D-29.0 f't, 
no so.Mptes 
recovered, but 
driiling indiCll ted 
Mixed wo.ste o.nd 
stlty clny layers 



IIIJi/111 
LAIDLAW WASTE SYSTEMS INC, 

SOIL BOREHOLE 
Sin: NIJI£ Niil UlCATION DRIUlfC MElllOO: 

6.25 inch l.D, Hollow Sten Auger 

--LAIDLAW'/OU2 RI~fS/MO 
SPLIT SPOON, 2.0 inch O.D./t.5 <nch I.D. CSP) 

VEST LAKE LANDfl~L SHELBY TUBEt 3.0 inch 0.0./2 13/16 inch l.D, CSH) 
OPERABLE UNIT 2 WATER LIMl. 

llllE 

DATE 
NORTHING• 1067463.60 

CASINC DEP1l! DA.iUM EASTING, 515463.34 El.£VA110N 459.3 

OOlLL RIG CME 75 - TRUCK MOUNT SURl'M:E CONIJmONS 
NIGI.E -90" BE.IRING 

SAMPl.E H.IMMER 

!1 i! I I I SMIPLEIIIJIIIER ~ -,.,,.. - I I~ I 
'-- C15,0-16.0 Ft.> No Rec;ovla'ry SP -I... -i- ® -I... --= t::-16 ... ~ I-

5 0.0' (16,0-18,0 ftJ No Recovery -
I- 5 ;:w -I... -- 5 ""' SP -
=-17 4 

@ -= -- --.:..1a -C - -- 5 a.o· c1a.o-20.o f't.) No Re-covel"y -- 2 [W --- J COZ) SP --
=-19 5 

@ --- -- -- -
=-20 - - -

I o.c· C20.0-22,0 ft.) No Recovery -'- 2 '.2]7 -'- -- 3 """ SP -
=- 21 3 >- @ -

"' -... w -- > -CJ -- u 
t::-22 w '- - -3 ... "' (22.0-24.0 Ft,) No Recovery -'- 2 ED" CJ -- 1 ""' z SP -'- -:::- 23 4 

@ --
I- -'- -
'- -t::-24 '- I- -3 a.a· <24.0-26 .. 0 ft.) No Recovery -'- 3 21f -I- 23 (01:l SP -i- -..._25 50/1 .. 

@ --t= -I- -'- -t::-26 
,_ ,___ -8 0.0' <26,0-28.0 Ft.) No Recovery -I- 6 air -i- -,_ 8 "'" SP -

:::,- 27 JO 
@ --

~ -... -
~ (431.3) 28.0 --28 -1 0.0' {c::ti.O~JO.O ft.) LOOSii', dark green.sh gro.y -2 IT- CSGY 4/1), SANDY SIL r. NR, wet, CML) -....: -'- 4 "'' SP -t::-29 5 @ --,_ -,_ -- -

LOG 
IIORIHCNO. 
PZ-205-AS 

SliEEf 

2 OF 4 

DRIU.IHG 

STAR!' FINISH 
TII£ nM£ 
!6•35 11,00 

DATE DATE 

3/25/95 3/25195 

REMARKS 

~ 
0 
(..) 

0 z 
::I 
1i:: 
0 

c 
.;; 
E 

"' 

"' ~ 
"' "' ' r. 
~ 

"' 

0 z 
co 
0 ...,. 

~ 

"' ·~ 
:i 

~ 
0 
;,: 
:x: 
c:.., 

"' < 

"' 0 
N 
N .. 
!.W 
::::; 
~ 
Lu ....., 
c;;; 



"'"""'" SOIL BOREHOLE LOG 
LAIDLAW WASTE SYSTEMS INC, 

S!1'E IWdE NII) LllCAllOH DRIWIC IIETltOD; BORING NO. 

6.as inch LD, Hollow SteM Auger PZ-205-AS 

SHm 

SAMl'l..flQMElllOO, 3 OF 4 

LAIDLA\,//0U2 R!-FS/HO 
SPLtT SPOQN1 2.0 1nc:h O.D.tl.5 1nch LD, CSP> -VCST LAKE LAND~ILL SHELBY TUBE1 3.0 Inch O.D./2 13/16 Inch I.D. <SH) sr- FIHJSH 

OPERABLE: UNIT 2 WATER 1.£\'a. TIME TIME 

TIME 16•35 lltOO 

DATE OOE D,\lE 
NORTHING• 1067463.60 

CASIIIG OEPtH 3/25/95 J/25/95 
DATIJM EASTING• 515463.34 EI.E1/A110H 459.3 

DRU RIG CME 75 - TRUCK MOUNT SURFICE COlill1110HS 
ANGU: -90' -SN.IPL£ HAMMER 

' 
~ I I I &IMPI.EHUlll!ER ~ - I REIIAAKS 

!i!i I llESCRll'IION OF MATERW. 

- <30.0-31.0 f'tJ No so.Mptes collected - 5121/95, 10.0 in. - -- - [D steel cas<ng 
- (428,J) 31.0 - 1nsto.tleci through 
c-31 -6 ,,·~ (Jl.0-36i!5'" ft.) StlFF', MeeiiUM dark Qr"O.y - 10,25 in, ID o.ugers 

'- 5 

.~~ 
(N4l, SILTY CLAY, with th;n F'"<ne sq.r;d - to 29.0 Ft. - 5 layers ct• thlck), MOist, NR, CCL), SP - Casmg sea.led in 

'- - borehole with neo. "t 
1::- 32 8 (ALLUVIUM) 

@ -,_ 
: cenent grout to 

L. 

ii 
surtace. 

L. -L. -'--33 i-C '-- -I:: 9 -
3 -L. ~ -'- 5 SP -

t::- 34 12 ® -
'- -'- -,_ -

~ 
~ 

'= 
:, 

~ 
c r;:: 
i;; "' C! 
~ u 

.,; 

'- -
t::- 35 I... L '- -7 1.0· -L. 7 ao· • -L. -'- 9 csi»:; SP -1::-36 9 ,_ 

@ -!'.';: -L. (422.8) 36.5 -L. .... C36.S-39.0 ft.) Dense, oHve gro.y -L. ... 
; l-J.. C5Y 4/1), SIL TY Fine SAND, wet. NR, CSM), -

t::- 37 '-- -7 .!J.'...: :: CALLUVtUM) -'- 14 2.!l' ••• ; ~ -..... 
21 ks~::: : : : SP -•- -= t::-38 17 ... :L @ .... -,_ .... -

~ 
~ 

£5 ' "' 
c 
L<J 
t!) 

~ t!) 

g 

'- .... -'- .... 
(4;?0.3) 39.0 -

t::- 39 
.... -4 1£. ,', (39.0-4•t2 ft.) r'irM, Olive gra'I -..... 3 2Ji' <SY 4/1), SILT'f CLAY, no,st to wet, NR. -•- 3 C7DZl <CL) SP -~ -[=-40 4 

@ --,_ L fron 40,2-40.4 ft., wet, f.ne, so.ndy c:lo.y -L.. !<lyer -'- -
[=- 41 L.. I-- -3 12.'.. -.... 4 2.fl' -•- 4 (ll'!i'4) SP -..... -
[=-42 5 fron 41.8-42,0 ft, wet, Fine, sc.ndy cloy 

@ -layer" -,_ -'- ~ -'- -
[=-43 L ,__ -2 .u: -'- 7 i;.ll' -L. 

11 &,z1 SP -L. -
:::- 44 18 (415.1) 44.2 @ -

(44.2-49.0 Ft.) CoMpact, olive gro.y -,... 
tlm -•- ... (SY 4/D, F'ine SAND. tro.ce Silt. wet, NR, -,_ :1:·· {SM), (ALLUVIUM) -

" v 
a, 

"' "' • .. 
~ ..., 
v " "' N 

N 
a, 

cl ..:.: 
::i; 

z «: z 
a:, "-
0 E ..., 



Jllflllllfilf 
l.AtDLAW WASTE BYBTSMS tNC, 

SOIL 
sm: NAME IKI UlCA1lOH DRIU.IIG IIElHOO: 

6.25 inch 

--l.A!Dl.AIIIOU2 Rl-FS/MO 
SPl.[T SPOON, 2.0 

~EST LAKE LANDFILL SHELBY TUBE, 3.0 
OPERABl.E UNlT 2 WA'IER LEIIE1. 

TIME 
DATE 

NORTH[NGi 106746.3.60 --DAllJM EASTINGi 515463,34 ELEVATION 459.3 

DRILL RIG CME 75 - TRUCK MOUNT SU!ll'AC£ CONlllllOHS 
AHGlE -90' -SM.IP(.£ -ER 

B i! I i i --HID 

I llE!lCRIP'!10N OF l&lilER1AL 

I.., 6 .l..&:. : : : • (44.2-49.0 ft.) CoMpo.ct, olive grey 
'-- B 2,0' • • • • C5Y 4/D, tine SAND, trQce s1lt, wet, NR. .... ..... 12 (807..I :!:: (SM), CALLUVlUM) 

t::::- 46 16 .... .... .... 
I.., .... 
I.., ; : : :-..... 
::::- 47 ::::~ 

3 IJ' .... 
t: 5 aa• : : ; : . 50/4 ~:i:s:o : : 

::::- 48 : : : : !-
..... .... 
t:: 

.... .... .... 
t:- 49 End of' Soil Borehole Log o.t <19.0 rt. .... .... ,_ 
1-50 
~ ,_ ... .... 
::::- 51 
..... -I.., 
::::- 52 
..... .... .... 
::::-53 -'-,_ 
::::-54 ,_ 
.... .... 
::::-55 ,_ 
'-
'-
::::- 56 .... ,_ 
..... 
t:-57 ... .... ,_ 

58 --l-
t:- 59 ..... .... .... 

BOREHOLE LOG 
BORIIIGNO, 

l.D, Hollow Sten A1.1ger PZ-205-AS 

SliW' 
4 QI" 4 

inch O.D.11.5 ;nch 1.D. CSP) DRIWNG 
inch O.D./2 13/16 inch [.O. (SH) START -,.... l1ME 

I613S 11,00 

DATE DATE 
3/25/95 3/25195 

i 
I -

--
SP --
@ --

:: -......._ ----SP -
@) ---- Top at weo.thered (410.3) 49.0 -- bedrock encounte~ed - @ 48.5 Ft, --------------------------------------------

: -------

~ 
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u 
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- - -
Well No. PZ-205-AS 

Boring No X Ref· PZ 205 AS 

PIEZOMETER CONSTRUCTION SUMMARY 

Survey Coords: Northing: 1067464 ft, Elevation Ground Level 459.3 ft, NGVD 
Easting: 615463 ft. Top of PVC Casing 460.99 ft, NGVD 

Drilling Summary: Construction Time log: 
Start Finish 

Total Depth 49.0ft Task Date Time Date nme --
Borehole Diameter t4 !/4 In, {0.0-29,0 It.) 8 t/4 In. (29,0-49.0 ti.) Drilling -- -- -- --Casing Stickup Height 1,66ft. CME75 312Sl9G t5:3S 3125195 11:00 -- -- --
Driller Layne-Western CME75 4/21/95 t4:to 4/21!95 15:30 -- -- -- --St. Louis, MO CME75 S/t./S5 13:30 S/5195 15:30 -- -- --Geophys,Logging: -- -- -- --
Rig CME 75, Schramm Portadrill T660H Casing: -- -- -- --
Bit(s) 61/4 in. and 10 1/4 in. ID Hollow Stem 2" PVC SJS/95 1e:oo S/5/05 15:.05 -- -- -- --Auger Bits 10• Steel 4/21/95 15:29 4121/95 16::30 -- -- --
Drilling Fluid Auger-None -- -- -- --Filter Placement: 5/5195 18:0S 6/S/95 ,~ ... -- -- --Protective Casing 8x8 In. Square Steel, by 5 ft. long Cementing: -- -- -- --Development -- -- -- --

Bentonlte Grout S/5195 17:00 515195 17:30 

Well Design & Specifications Bentonite Seal ~ "mis ~ 17:00 -- -- -- --
Basis: Geologic Log x Geophysical Log ---
Casing string(s): C = Casing S = Screen Well Development 

Depth StrinQ(s) I Elevation 

+ 1.66 - 38.55 c, 400.99 - 420.78 

38.55 - 48.35 s, 420.78 - 410.98 --- ---
48.35 - 48.68 C2 410.98 - 410.65 

+ 0.70 - 29.00 C3 460.00 - 430.33 --- --- Stabilization Test Data: - ---- ---. ----- --- --- Time pH Spec. Cond. Temp (°C) 
Casing: c, 2 In. dia. Schedule 80 PVC, 

flush threaded with 0-rings 
C2 2 In. dla. threaded PVC end cap 

(4 In. Jong or 0.33 ft.) (C3-see comments) 
Screen: s, 2 In. dla. Schedule BO PVC, 0.010 In. 

machine cut slot, flush threaded with 
0-rmgs 

Sand Pack: 16-35 mesh Silica Sand, 36.0-49.0 ft. Recovery Data: 

Filter Pack: Less than 50 mesh Silica Sand, ,oo 

34.5-36.0 ft. 
•o 
BO 

Grout Seal: Wyo-Ben Grout Well Bentonite Slurry, I 
70 
00 

3.0-24.0 ft., Neat cement, 3.0-29.0 ft. 00 

= 40 

Bentonlte Seal: Extra high yield Wyo-Ben (100%) ff 30 

Slurry, 24.0-34.5 ft. 
20 
10 

Concrete: 0.0-3.0 ft. 
0 

0 20 <0 eo eo 100 

TIME (Minutes) 

Comments: Surface Casing C3: 10 in. 10 / 10 7/8 in. OD Steel Casing 

Supervised by 8. Tiiton Site LAIDLAW/OU2 R!-FSIMO 
Job Number 943-2848 File Name P2205AS 

i 
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TRHNICALS ... v,cu 
caaaracl'INICAI.. Ot:PAATMStitT Drilling Log (continued) 
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TICHNtCAL S&RVICIS 
Q:IOTtCHNlCA.L. DEPA.flllTMINT Drilling Log (continued) 
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Boriag No. 
\ -'I 

Prvjec:r NoJNamc 

07.0803035.003.002 

Pqe: 

WL-229 
Start/Finish Oare Site Name aad l.«ation 

9/13195 w.., I.alto uodfill; B . Missouri 
Drilling Contractor Boriq: Location: Aml2 

448..S 
1069329.26 

514268..19 

l!Hart~~En:!!!v,:!!·rorunen~~~la:!-1 !:Ori~'l~h!!\\. ____ _JGro•ad S.rlace EleYatioa: 
Driller Norddag: 

Max Tinnin Easti • 

Drilliac Eqa(pment 

CME-SS Drill Ri Hollow S""' A• 

Bit Siu/Type Sample Mcmod 
4 114• !D; 81/4" Hole S'Cootiauouss.mole, 
Remarks: 

§: 
i. 

.. ';:' - ,§ ~ " ~ c. e " " " • 
Q • = " ! ., c .. 

McLan:a/Hart Geologist/Office 
Tim a· I St Louis 

T.D. Borellole 
SS.6' 

Dcscriprioa 

Well lastailed? 
l-9 

WL-229 Background 

0.0-5.0' Landfill Debris: soil coasisting of brown sit~ and asphal~ 

DO traShy debris encount<:red; dry. 

s s (0.01--0.04) 

None Background 5.0-56.0' Native AJ!yvium: dark gray. silty, fine..graincd sand 

,:.;I O;_i-;Tc:ak:.:cn:::;.._;.,(::;O·c;O.:.I.O.:c.cc04.:.l:_--l grading to coa:sc-,grainccl: sand with grave!; moisl to wet. 

None Background 
15 Takco (0.01--0.04) 

@16'-

WL·229 Background 

20 20' (0.01--0.04) 

WL-229 Background 
25 25' 0.01--0.04) 

WL-229 Background 
30 30' (0.01--0.04) 

None Nooe 

35 Taken Taken 

None None 
40 Taken Taken 

None Nooe 
45 Taken Taken 

None Nooe 
so Taken Taken 

I of2 



Boring No. 

WL-229 
Project NGJName 

07.080303S.003.002 

StartlF"taisll Date Site Name ••d Localioa 

9/18195 Wat I.alee Landfill: . Mislouri 

DrilHoe Coatractor Boriq Locatio11: Arca 2 

l'Ha.rt,:;.!En::::,:vironmen:::.:::::'"::.' =Dri:.:'l:::'i-----lCroHdS.rioce Elffadoo: 448.$ 
Driller Nomiag: 1069329.26 

Max Tinnin i:.o.119': 514268.$9 

Bit Siu/l'ypt Sample Medtod 
4 1/4" ID; 8 1/4" Hole S' Continuous Sami,lcr 
Remarks: 

Mcl.uellillart Ceoiagisr/Otlke 

Tim B' I SI. Louis 

T.D. Borebole Well Instailtd! 

SS.6' 1-9 

g 

t 1 - 1, ' i Dacriptioa 
0 - S ~ = ! 

None Nooe 50.0..SS.6' Natiye AJtuvfum: dart gray, S11ty, finc..grained sand 

~S"'S-+T"aken='--+T"'ak"'cn.._ __ ~ grading ro oomso-graincd sand widt gnl\'d; moist to -

None None 

60 Taken Taken llori terminated la! SS.6' 

Nou:s: 

Radiological sarnpiOI collcotcd II Sand 20 lffl below pouncl ""1acc. 

NOD-<>diolop:al """"°' IICX collcotcd during boring activities. 

- Wllternot-duringboringlC!Mlies. 
G--•t 16 lffl belowpouodsur1at:o. 

Page: 

2of2 



ENVIRONMENTAL £NG!NEERING CORPORA noN 

PROJECT NAME 

WELL LOCATION 

WEST LAKE LANDFILL 

BRIDGETON, MISSOURI 

'""'=11 

LOCKING PROTECTIVE COVER 

PVC VENTED SLIP CAP 

STEEL PROTECTIVE COVER 

2" DIAMETER 
SCH. 40 PVC RISER .,,., 

BENTONITE 
GROUT 

BENTONITE 
GROUT 

8-1 / 4" DIA. BORING 

BENTONITE SEAL 

0.010" SLOTIED 
'}" DIAMETER PVC SCREEN 

SAND PACK 

., 

MONITORING 
WELL DETAILS 
PROJECT NO. 
WELL NO. 

_07080_.30.35 
1-9 

HART 
ENVIRONMENTAL 

DATE u_1.§l_9L BY __,D"--'R--'-'-l""LL=IN-"'G"'---

EL. NM TOP OF PROTECTIVE COVER 

EL. 450.99' TOP OF PVC CASING 

----"E"'L~. __ _._N.,/_..A TOP OF BENTONITE SEAL 
DEPTH 

~~E=Lsc. -~4~08=·~2• TOP OF SAND PACK 
\DEPTH 

\ EL. 4D5.4' TOP OF SCREEN 
DEPTH 

-~E°'LSc. -~39=5=.4~· BOTIOM OF S_CREEN 
c__ __ _J DEPTH 

j 
~ EL. 392..9' -

(W9) 

L 
NOTES. 

""'"=-=~==.-~ BOTIOM 0.-F ~CRING --l)EPTH 

1. REFER TO SOIL BORING WL-229 FOR SOIL D[SCRIPTION. 
2. DETAIL NOT TO SCALE. 
3. NM - NOT MEASURED. 
4. N/A - NOT APPLICABLE; GENTONITE GROUT USED TO SEAL WELL UP TO SURI.ACE. 
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DATUM 

0 

I/ I/ 
/ / 
I/ I/ 
/ !/ 

/ 7l 
/ 

/ I/ 
I/ 
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. 
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-

6 
I-

7 -

8 ~ 
I,. 

9 ... 
~ , . 

~ 

1 -

2 -
-

.., 

511 

-I , .. ,..,...)-UVL.Aol .... , .,~ 

START VINISH 

WA T£R t.f:VE'L '7 / TlM( TIME 

TIME //::30 
CATE 

~~~ ~,07 
OAT[ 

CASINO 0£PTH 

SURFACE CONDITIONS: ' 

·-·, - _/ ..,_t:.. 'r..£. </.' .. /...+I / ....... /'.-.1-
A ~h I - ....... _ ... " ,,,, ,,f'J~ • .1..,--.L /. 

,-r 77 ... 

/ 

! 

\/ 
,A, /.zf. ,, r.~. v . · / c..L. '/, ...L ,, ,,,./ _,(- , __ .... 

. , . 

I ._. 

, , / 

,<" - - J,,, l( /1< .. ~ I!! 
f,y,,_//' ,,, ,,.,., '.. ,:::V(' 

. . 



HONITOR WELL lNFORMATlON SHEET 

CROUHO SURFACE EU:VATIOH 

TOP or ll!LL CASI NC ELEVATION 

.IJ8 HU18ER 

</<.//. I G 

OATE 

LOCATION 

- I 'ti1::3 -Db 2. 
. &1(1(--/1)3 

!;l~~~ct10 
lj\ DEPT!< TO ·,om11 OF \/ELL POINT OR SLOTTED 
\.!.) flPE /5. 7 FUT.>I: 

CD OEPTlf TO IOTTl>l< OF SEAL '(IF INST.<UEO) :i1e,,TM1f• 
S:'., ? FEET. >I: fi,//en;; 

"i" DEPT!< TO TOf or SEAL ( IF I NSTAll.EO) 
\,:./ 2.? FEET. >I: 

© LEHCTI< or VELL sc25EH 
SLOT SIZEQ,6/ 

ID rEET. 

CD TOTAL LEaCTll OF PIPE 8.4 F1:ET AT 
~I NCH OIAl<tT£R. 

('i" TYP'i: OF PAO: AA91J!<O VELL POINT OR SLOTTED 
\.!) Plf't /A..n~ . 

CD 

CD 

CONC>ET£ CA?. (CIACLE O!IE) 

HEIOHT or VELL CA.IIHC MOVE CMUNO 
Z. 7 FEH. 

(CIRCU: OHE) 

(crncu: ONE) 

® 
® &oAEHOLE OINltTER~-S~ __ INCHES. 

@ OEPTH TO CMUHO IIATl:R __ 7-___ n:ET. >I: 

@) 

® 

TOTAL DEPT>< or BOW<lLE I $ 

® PIPE MT£RIAL 1?VC-

® SC<CEN MTEA!Al 'P YC 

>I: (OEPTN FRON CKOUNO SU<FACE) 

n:ET.>I: 

MONITOR WELL INSTALLATION DETAILS 

Dames & Moore 
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·~ 

OFtlLllNG METHOD: 
BORING NO. 

Ql !~ 5 f. 3 1/,;" ::J. D J/..))Pw ,::;, h- ,1 -,,. tYilv·!o•I Cl:4, (z~G·~vlv~,1 .., SHEET 

t1-1wto SAMPLING METHOO: I °' I 

d:tc.~ 
'"\ 

{ {otl /1sr.) 3" -;:;:. T) r'. - L., "HJ> <::: i'~A _f lJ,- OAJLUNa 

) '5' (,,,. 11. . 
STAAT FINISH 

WATE:A LEVEL "7' ,, .... TIME 

TIME f.·zo 9-"0cJ 
OAT£ OAT[ OAT£ 

DATUM ELEVATION CASING OEPT.M '/- II ~1'0 

~ % "~ I!; SURFACE CONDITIONS: 

"' i!;., • • 
~w • • ~~ "'"' :,: .. ., x . j!:! • w~ 

,..w r_r/.(< ~A• .• ,/ ' L . 
~~ 

Lw 5~ 
~ l= . 

L~ i ! ii w~ 
g "'"' :\ i;u • .... o;r; " / I 

~ 
. m"' :, 

-· . z 

cs % 'Yo- ,;- t.Jo ~ ... , >t ,,,.}/.., k l r-· ...... ...J... -s () .-1 ~.- I,< 
I -

/ / 1 - - . -'· <,.·//. 

' -
/ / 2 -

.Ate-, /',1•1 ..1.. I· .I. i- !' - .. . " ,.L•f:(: t:: .. - < : I L. 

I/ I/ 
lj 

:J 

- . 
/ I/ 4 -

A•• ~J ;11 ,._ t....,...., I. I A J.. ~ ,1' -":' I - s: ( I:- r .. /li,:,b 
,,,·~ ,., r. , f ')>11.fl •• .... 

C.s 1% 1;1 Os ~ 
I 

ID 

/I 
-

/ 6 -
,1, * ./,-(/V, [,1"")1,I ;\ ~ L· .{J: :;; ff, ,.,.,,,,,_ . I -

/ / c, 
7 ( . 

/ 
-

/ 8 -
/\1.<2 cl i c.; ... r....., ........ +<,•· _.//. • I It\, ,-1 ~,'A~ 

7 
~ 

.. . L r .C / 9 
-' • r A,•, , L-,- .,, 'k-Ff , .. //. 

% 
-

C5 IX Io - .. !,.. .. • .;-r, ( ... - «An.I 
I~- ·.) I 

I/ I/ 1 ,_ 
i-

/ I/ 2 ... 

/ 
.... 

/ 3 -
-

I/ / 4 -
i-

J~ v-5 ~ i s ,_ 
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i-

I/ / /7 GuB -
I/ /7' / 8 -
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-
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-

MONITOR WELL INFORMATION SHEET 

CAOVNO su•FACE EU:VATIOH 

TOP OF VELL CASING ELEVATION 

5 

6 

.IC, • .,.. EK l 'i "!' t./ 3 - CO;) 

aoR1•c HUMllt• tMLu - /a</ 
DAT( <f· ff - 90 
LoCArio• Ee-, 11, G · (:1 Pio 

lj\ DEPTH TO IOTTOII OF VHL l'QIHT o• SLOTTtO 
\.!/ PIPE I 7 FEET.:$ 

Ii' DEPTH TO BOTTOII OF SEAL (tr IHST.<LL[O) 

\:.) "" FEET.* Bey,7e\,if.f P ... n .... + .. 
Ii' DEPTH TO ror or SEAi. (IF tHSTALLEO) 
\:.) 8. 3 FEET.* 

LEHCTH OF \ltLL SCRE£11. __ ..,/~Q....._ __ FEET. 
SLOT SIZE 0, QI C, 

TOTAL LENCTii OF PIPE ___ 'Ji.;,__,9 __ FEET AT 
J1: INCH Olm!:TU. 

lj\ Tri"! or PAC<. MOV1<0 vtll l'OINT OR SLOTTI:O 
\:.) PIP'! ;,AN)) 

CD CONCR(Tl: c», ® (CIRCLE om:) 

® 
® 
® 
® 
® 
® 
® 

HE I CHT OF vtll CASI NC MOVE CROVHO 
<'). 9 FEET. 

PI\OTECTIV! CASrnc1 @ HO (CIRCU: ONE) 
HE: ICHT ASOvt Ctt0UNO..,,....,.,_--FE£'T. 
LOCXIHC c»l cii..:) NO (CIRCU: ONE) 

IIO•EHO L£ DI ml:TEJ!.. __ _,g"'-__ 1 NCJ<ES. 

OEl'll< TO CJWUMI) VATER 7 FEET.* 

TOTAi. DEPlli or IOAEHOL.£ £7 FEl:T.* 

TIP'! or t.DV,R IAO<FILL AJ[A 
fl rt IIATERIAL ?vc 

St>EEH IIATERIAL 'Pvc 

* (DEPTH FROM ..OUHO $UHi.CE) 

MONITOR WELL INSTALLATION DETAILS 

Oxmes & Moof'O 



'PROJECT; tAIOi.AWJAl·FS 
PROJECT NO: 943,2845 
LOCATION: SRIOGETON, MO 

AOO< E 

CSSCRtPTION 

48 0.049.0 ft. 

50 

See Soll Borehol& Log 
P2·205-AS 
49.0.54.0 ft. 
No samples co/!ecled 

54 54.0-67.S ft. 

58 

Fresh, medb.tm to thinty 
bedded, pale yellowish brown 
{10VR 6/2), very fine grained. 
weak, ARGILLA.CEOIJS 
LIMESTONE. {ST. LOUIS 
FORMATION) 

62.3-69.5 ~ 
Grain size is medium grained 

05?TH SCALE: 1:2 

"' 0 
~ 

Q 
I 
~ 
< 
~ 

"' 

DFUlttNG CONTAACTOA: LAYNE-WESTERN 
DAILL..E.A: 0. MAHURIN 

RECORD OF DRILLHOLE PZ-205-SS 
BORING METHOD: NX Core & water 
DRILLING DATE: 5,'17/95 • 5/19195 
ORllL RIG: CME 75 

JO°"' "'-"""" ·-'"' .... ee.,,,od -...... u.u-
.._ ·~- ST,SlaPPlld """""" 

F•F.cmdl-
Cl..O.,""" 
CH.cNc,nfo 
H-H•IWCI 

DATUM: MSL 
COOAO!NATES N: 1061483.M 
AZIMUTH: O 

F·Flmlfian 1./trlQl.llar Vfl.V. RotJftl Ol'IF-Otavlll i:--iec 

~ 
0 We 

ELEV d 
it!~ 

~g z ROO tl • z 81,l OEPTH " iffi 

""' 
~ ~ 

OCIDO ••o 
ll(IIO'<l'N N .. 1',l"I-

2 99~ 

SCONTINUI TA 

TYPEAfiO i~ia 
~8~ g SUl'U=ACii. 

Oli$CRIPllON 
~ i 

O J,PL.SM,Fe 

J,PL.SM 

O J,ST,SM 

• J,C,SM,Fe 

S,PL.SM 

J,PL.SM (2) 

• J,PL.SM 

Sheet 1 Cl' 4 

COLLAR ELEV: 459.5 
E: !5-15477.Til 

INCUNATION: ·90 

NOlsS 
WATER LEVELS 

INSTRUMENTATION 

0.0-49.0 ll 
BoreJiole advanced with 
10.25 in, ID hollow l!rtem 
augers 
49.0-54.0 ft 
Borehole advanced with 
9 7/B in. bit using mud 
rotary then 6 in. steel 
caslng grouled into 
annulas with neat cement ~ 
Bedrock encountered j 
@48.Sft 

5/18/95@ a:1s 
Began cQring 

5/18/95 @8:40 
End of Aun 1 

LOGGED: 0. ALLOWAY 
CHECKEO. a TILTON 
CATE: 8/20195 

Golder Associates 



PROJECT: LA!OlAW/RI-FS 
Pl!!OJECT NO: 94:J.2848 
LOCATION: SRIOGETON, MO 

ROCKlYf' 

DESCRIPTION 

54 54.0-67.5 ~ 
Fresh, medium to thlnty
bedded, pale yetlowish brown 
(10VR 612), very tine grained, 
weak, ARGIUACEOUS 
LIMESTONE, (ST, LOUIS 
FORMATION) 
65.0.75.9 IL 
Scattered chert nodules 

66 65.8-66.0 IL 
Claystone layer 

67.5-99.5ft. 
Fresh, medium to thinty 

68 bedded, pa/a yellowf.sh brown 
(10VR $12), very line gralned, 
weal<, LIMESTONE. (ST. LOUIS 
FORMATION) 
Stylolitic 

69.B-75,9 ft 
10 Very fine to microcrystalllne 

zones: of thinly laminaled 
!a.yars of clay within !he 
limestone, color is medium 
light gray {NB) 

72 

74 

BO 

76Ji-n.4 ~ 
Arglllaceous layer 

78.7·80.0 ft 
Argillaceous zone, unfilled 
vugs (1·3 mm. in diameter} 

DEPTH SCALE: T:2 

" g 
0 

" a. 
~ a: 

"' 

OR!LI.ING CONTRACTOR: lAYNE-WESTeAN 
ORILI.ER: O. MAHURIN 

RECORD OF DRILLHOLE PZ-205-SS 
SORING METHOD: NX Core & water DATUM MSL 
OA!WNG DATE: 5/17195 • 51191'55 COOAOtNAiES N 
OR!LLRIG: CME75 

J.- PL•...,.. 
F·FIII.Al C<:=od ,_M ll·Undwlng 
ll·B~!lt.t.c'lg $T-&iJPpKI 
F·Foia!icn J.lrr•Q<A• 

> m~ 
0 • iii~ "'" z ~~ 
z 88 ROO 

"• DEPTH " • • ~-{Fl) • N:-ID':i~ 0000 
IOIDY(IJ 

4 '?f 

AZIMUTli: 0 

f'.I'- F•ll.o»o. ·- CI.-Clay k'ifl ··- CH.,,,.,,. ... ...,., H·Heahld 
1/R.V. Rcug, GRft.Gtavvl !=He! 

DISC u O TA 

!~! Q 

au< "' 
0 g 
" 

TYPE AND 
SURFACE 

CESCAIPTICN 

J.PLR 

B,PLSM (2) 

J,PL,SM,fe 

J,PLA.Fe 
J,PL.A 

J.PL.A [2) 
J,l,A 

J.Pl,R 
J,l,R 

J,I.A (3) 

J,PLA 

J,PL.R,Fe 

• J,PLA 

J,Pl,R 

J,<.R 

J,PL.R 

• J.PLR (2J 

0 
;; 
"'x 'l'1s 
~~ 
• y 

lg c: (! £ ~-' u. 
0 •• " -~ = 

Sheet 2 " • 
COLLAR EtEV: 459,S 

10$7483.54 E: 515471.78 

~ 

i:i x z w 
!j! a 

;; ;;; 

Ii 

INCUNATION: .,o 

a 
i§ I ~ 

~ 

1li z 
5 " .. ;; 

g! ... ~g 
""" .. ~It ... ... 

z 
Q 

i 
ii: 
0 

~ 

NOTES 
WA TEA I.EVE.LS 

!NSTRUMeNTAilCN 

5/18/95@ 10:40 
End of Aun 2 

5/18195 @11:45 
End of Auna 
Ended drilling for the 

1 
~ 

Began dnlllng 

day due to !lad weather. l 
5/19/!)5 (!j? 7:40 

~ 

lCGGS;O; 0. AU.OWAY 
CHECKED: S. TILTON 
OAT!:: 6J20/95 

Golder Associates 



PROJECT: LAIDLAWIAl·FS 
PROJECT NO: 943-2B46 
1..0CATION: BRIDGETON, MO 

AOCKTV 

DESCRIPTION 

60 67.5-99.5 fL 
Fresh, medium to thinty 
bedded, pale yellowish brown 
(10YR 612}. very fine grained. 
weak. LIMESTONE, (ST. LOUIS 
FORMATION) 
StylollUc 

81.8-86-4 It 
82 Argilfaeeoul!! zone, unfilled 

vug5, (1~3 mm. In diameter) 

B6 

.. 

90 

.. 

94 

96 

64.5,.86.4 ft. 
Color grade$ to light olive 
gray (SGYB/1) 

88.6-93.8 ~ 
Argillaceous, vuggy, ~loris 
light oUve gray (5GY 6/1) 

94.5-97.5 ft. 
Atgillaceou5. color is light 
olive gray (5GY 6/1) 

OEFTH SCAI.£: 1 :2 

"' g 
~ 
i 
"' 

DRILLING CONTFIACTCA: LAVNE·WESTEAN 
CAILLER: O. MAHURIN 

RECORD OF DRILLHOLE PZ-205-SS Sheet 3 of 4 

COL.LAA ELEV: 459,5 BORING METHOD: NX Com & wnter 
OAIWNG DATE; 5/17195 • 5/19195 
DRILL RIG: CME 7S 

J-Jcwrt Pl·Planar ,.,.,.,,.. 
F•Faut C·Q..vved lt.sli<tMiofd ...,,,. U·Uni:U\ung SM,Smooth 
B·Bl!dding ST·Sltpptd """"'"' F-Fci:IIIQt'I HrroQUlllt VR·V.flol.l,,;n 

F..-F40loclo 
CL.Qzryinril 

"""""""' H·Hflffd 

DATUM: MSL 
COOFIOINATES >v: 1067483.54-
AZrMUTH· O 

0 z x c 
~ i5 0 x 
2 w ~ ~~ 

QRF~F~d w " ~ c ;,; 
I 

E: 515477.78 
INCUNATION: ·90 

g 

;! 
i!i NO'IES 

~~ ~ ~ • • CISCO UITYQATA ;;; "' WATEA LEVELS 
c w~ ~ .. ;,; INSTRUMENTATION El.:"V 

OEP1H 
IFn 

ci WW cc 
z c> 00 i!ui % oo RQO iffi 0 Ul,l ~8~: < a:: oocc ••• g il "'"'""N N.,...,..,_ 

• 

5 1.e_o 

LOGGED: 0. ALLOWAY 
CHECKED: a. TILTON 
DATE: B/20195 

T'fPl':ANO 
SURFACE 

OSSCRIPTION 

J,Pl.R (2) 

J,PL.R 

J,Pt.A 

J,PL.R 
J,PL.R 

B,PL.SM 

J,PL.SM 
J,PLSM 

J,C,SM 

J,Pt..R 

B,PL.SM 

J,PL.SM 

008 • .. ... .. ... 
NO 
u ~££ 

0 

Iii 
I-

5/19195 @9:15 
End of Run4 

5/19{95@ 10:40 
End of Run 5 

Golder Associates 



PROJECT; LAIDLAW/Rl·FS 
PROJECT NO~ ~21348 
toCATION: aRfOOETON:, MO 

,. .. 

'-100 

I. 102 

~ 104 

- 106 

L 109 

L..110 

,, 112 

OESCRIPTJON 

67.5-99.5 fl 
Fresh, medium to thinly 
bedded, pale yellowish brown 
(10YR 6/2), very fine grained, 
weak, LIMESTONE, (ST. LOUIS 
FORMATION) 
Slylol!V• 
97.5-99.5 ft 
Thin clay laminae 

End of Rooord of Orillhole 99.50 
at99.5 It. 

OEP'Jl1 SC.AU:: I :2 

"' 0 
~ 

0 z • 
~ 
0 

ORlLUNIJ CONTFIACTOR: 1.AYNE-WESTEAN 
ORILLEFI: 0, MAHURIN 

RECORD OF DRILLHOLE P:Z.205-SS Stleet 4 of 4 

COLLAR EUN: 459.5 BORING METHOD: NX Core & water 
Df'UUJNGDATE: 5/17195~$/19195 
CRILL RIG: CME 75 

,..-
~·FU ...._ ·-F·Fola!l!lfl 

0 ELEV z --IJ!;PTH z 
~ ,,n ¢ 

300.00 
99.50 

PL•f'll!Nr , . .....,,,. 
C-0"""1 ,.-
U•Una.tl!'nQ '"""""" ST·SIIPP'd 

.. _ 
l·fmlg\illl' VR-V,Rough 

> ~s Cl 

" ~~ jw0 ROD >-~ cc 0¢ :, ~8~ :l ug /liw ¢ ~· 0000 0 g g "''°"I""' N"'aa-

LOGGED: O. AU.OWA'f 
CHECKeo: B, TILTON 
DATE: 6120'95 

DATUM: MSL 
COORDINATES N: t007<183.54 e: 5t!S4n.,a 

INCUNAnoN: -90 AZIMUTH: o 

F .. F.om. 
<I 

°""""'""' ;; ;;:; 
CH""'- ffix "' ~ H·HNHKI ~w z 
CIRF-Oravtii Fhd >-0 w 

~g \:: ., 
lJllY DATA m 

Q 
~ 

TYPE AND 
i§rE ~£ 1i SURF AC:!! 

OESCAIPTION 
Cl ~~} £!£~ 

J,l,R.Fe 

J,l,R 

~ 1 
>- x 
~ w 

0 
~ 

ooo& ~:::g:~ 
l!:£!3:£~ 

z 
0 
!;i 

iE 
0 
>-m 
>-

NOTES 
WATER 1.EVet.S 

INSTRUMENTATION 

5119/95@ 11:30 
Finished drilling 

Golder Associates 
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' 
' -

-0 " ' . ~ 

-~ -~ 0 
w 

15. .. I-
.. () 

w 
...J 
...J 
0 ~- () 

(/) 
~ w 

0 30 • ...J 
CL 
::;;; 

. <i:: 
(/) 

0 
z 

,_45 ·. 
~ .. 

• 

Si 
0 

., 

•75 

~ 4: 
v ,, 

,.go ------- ;: 

,., 05 

so 

Not to Scale 

- - -
Well No. PZ-205-SS 

Boring No X Ref· PZ 205 SS 

PIEZOMETER CONSTRUCTION SUMMARY 

Survey Coords: Northing: 1067484 ft. Elevation Ground Level 459.5 tt. NGVD 
Easting: 515478 ft. Top of PVC Casing 461.78 tt. NGVD 

Drilling Summary: Construction Time log: 
Start Finish 

Total Depth 99.0 ft. Task Date Time Date Time -- -- -- --
Borehole Diameter 9 3/4 in. (0.0-54.0 It.} 5 7!B in. (54.0-99.0 h.) Drilling -- -- -- --
Casing Stickup Height 1.66 ft. CME75 SJtB/95 8:15 S/19/95 11:30 -- -- -- --Driller Layne-Western Schramm Rotary St21195 13:30 5/21/95 \J.;30 -- -- -- --St. Louis, MO -- -- -- --Geophys.Logging: -- -- -- -
Rig CME 75, Schramm Portadrill T660H Casing: -- -- -- --
Bit(s) 6 1/4 in. ID Hollow Stem Auger Bil, NX Core, 2• PVC 5121/95 14:25 S/21195 14:30 -- -- -- --

5 7/8 in. Button Bit and 9 3/4 in. Tricone Bit 6" Steel Sil 1/95 7:30 5/11/95 11:00 -- -- -- --
Drilling Fluid Auger-None, NX Core Water, -- -- -- --

Air and Mud Rotary Filter Placement: 5/21/95 U,;40 S/21/95 15:15 -- -- -- --
Protective Casing 8x8 in. Square Steel, by 5 tt. long Cementing: -- -- -- --

Development -- -- -- --
Bentonite Grout S/21195 15:20 S/21/95 15:35 

Well Design & Specifications Bentonite Seal sm/95 15:15 snms ~ -- -- -- --
Basis: Geologic Log x Geophysical Log -
Casing string(s): C = Casing S = Screen Well Development 

Depth String(s) Elevation 
+ 1.66 - 88.57 C1 461.78 - 370.96 

88.57 - 98.37 S1 370.96 - 361.16 

98.37 - 98.70 C2 361.16 - 360.83 

+ 1.00 - 54.00 C3 460.50 - 405.53 

- - Stabilization Test Data: 

- -
Time pH Spec. Cond. Temp ('C) 

Casing: C1 2 in. dia. Schedule 80 PVC, 
flush threaded with 0-rings 

C2 2 in. dia. threaded PVC end cap 
(4 in. long or 0.33 tt.) (C3-see comments) 

Screen: S1 2 in. dia. Schedule 80 PVC, 0.010 in. 
machine cut slot, flush threaded with 
u-rings 

Sand Pack: 16-35 mesh Silica Sand, 86.0-99.0 tt. Recovery Data: 

Filter Pack: Less than 50 mesh Silica Sand, 100 
I 

00 
I 

84.5-86.0 ft. I I eo 
I 

70 Grout Seal: Wyo-Ben Grout Well Bentonite Slurry, ! eo I 

3.0-70.0 ft. 00 
I 

•o 
Bentonite Seal: Extra high yield Wyo-Ben (100%) M 

30 

20 
Slurry, 70.0-84.5 ft. 10 

Concrete: 0.0-3.0 ft. 
0 

20 0 40 60 eo 100 

TIME (Minutes) 

Comments: Surface Casing C3: 6 1/8 in. ID/ 6 5/8 in. OD Steel Casing 

Supervised by W. Herst Site LA!OLAWJOU2 RI-FS/MO 

Job Number 943-2848 File Name PZ205SS 





JIIIIJilllll SOIL BOREHOLE LOG 
LAmuw WAST! IVS"l'EMB INC, 

Slit - ""° LCICAl10H 
DRILUNC IIEl'HOD: IIORIHGNO, 

4.25 uu:h l.D./8,25 •nch o.n. Hollow SteM Auger PZ-302-AI 

3,525 Inch Mud Rota.ry SHEEr 

SH1PUNO IIE1IIOO, CALIFORNIA SAMPLER• 2,0' 1.n. <CA: l Of' 2 

LAIDLA\J/QU2 RJ-F'S/H[J 
SPLIT SPDIJN1 2,0 inch O.D./1.S inch tD, CSP~ ORJUJNO 

W(ST LAKE LANDFILL SH!a:LBY TUB!a:• 3.0 ineh O.D,/2 13/16 ;nch 1.D, (SH) SfNIT FlNISli 
OPERABLt UNIT 2 WA'!£R L£V£I. 1111£ TIME 

1111E 8115 lh30 

D\lE D\1E OAlE 
NORTHJNGi 1067210.24 

CASINO DEP1II 9/26/95 9/26/95 
DAl\11 EASTlNCi: 5l4720.49 E1.EVA110N 450.0 

llRIIJ. RIC CME 750 SUflf'I« CONDl1lCNS 
AHCLE so· ll£ARINQ NA 

&IMPLE !WIMER 

h 3 I I I SMIPLENIJIIBER f 

I 
Nil I ll£MN!IC!l 

Ii !IE!Ul1PIION Of' IMJERlilL 

'-- C0,0-22.0 ft.> No sa.f'lples collected. ••• -'-- Soll Borehole Log PZ-302-AS For -'-- -I- aescr;ptrons -
~16 -- " 0 
'-- - r 
'-- - :! 
'-- - r 
~,1 -:: t: -. ---18 -:: c.: -L.. -'-- -t:::- 19 --~ -

'" " 0 
~ ~ 

"' :z 

~ °' "' ~ :r 
u 

'" ~ -L.. -'=" 20 --
~ -~ -
~ -t:::- 21 --L.. -L.. : '- (428.0) 2e.o =-22 -4 0.1' .... C22.0-E5.4 rt.) Loose, po.te ye'ltowish -- 2 i!:ii' .... brown (10YR 6/2), f'-M SAND with tra.r::'1' -'- .... -L.. 7 csio .... Iron sta.in1ng, NR, wet, CSP), CALLUVIUM) SP -.... t:::- 23 6 .... 

0 -:: .... 
C' 

.... -.... -.... 
~ -t:::- 24 .... LL ,__ -

3 1.2• 
.... -.... .... -2 2.a· :::: ~ L.. 

3 """' SP -.... . ... -= t:::- 25 10 ..... 
® 

0.0 ppM PID 
: : : : L... -

~ .... -.... . ... C25.4-a6.t f't.) Cor1pc.ct., olive groy -L. .... 
(SY 4/D, f'-r, SAND. trace Silt, iron -t:::- 26 .... LL 
staining, NR, wet, CSPJ, (ALLUVIUM) 

,__ -10 1,6• .... -.... 7 w .... 
(26.1-37.4 ft,) CoMpa.ct to dense, light -.... 

9 """ .... Sf' : .... olive Ql"c.y (SY 4/1>, F'-n SAND, NR, weot, 
!:-27 14 

.... -.... CSP), (ALLUVIUM) 0 .... -~ .... -L. ::::L -L. 
: : : : L- -'--28 ....... -8 t.S' .... -

8 2.0· : : : : . : - 12 '"" SP 

i::- 29 10 ::::L.. 0 -.... -L.. .... -L.. .... -'-- .... -

a, 
v 
a, 
ru 

' < 
"' "' v 0 

"' "' N 
~ 

d .;,; 
:z I ID 
0 

..., ..,, G: .... 



lllli/111 
LAIDLAW wi...:::;. IYSTEUB INC, 

SOIL BOREHOLE LOG 
SITE NN.IE NfO UlCATION DRII.IJNQ ME'IHOO: IIOAINGNO. 

4,25 inch I.D./8.25 inch Q.D. Hollow SteM Auger PZ-302-111 

::.t.625 Inch Mud Rotary SHEET 

SNtitPU«J WEnfOO:CAl.tFDRNIA SAMF'LERi 2.0" f.D, CCA, 2 Of 2 

LArDLAWOU2 RI-fS/MO 
SPLIT SPOON:i 2.0 inch D,ll,/1.5 !r,t:h I.D. (SP) DAii.UNG 

VEST LAKE'. LANDFILL SHELBY TUBEi 3.0 ltu:h 0.0,/2 13/16 inch l,0, CSH) STN!l' FINISH 
OPERABLE UNlT 2 WATE:R l.f.'IEL TIME l1IIE 

TIME a,1s 11•30 

DlllE DATE DlllE 
NORTHlNGi 1067210,24 

CASINO DEPTH 9/26/95 9/26/95 DATUM EASTtNG1 514720.49 El.£\IATION 450.a 

DRILL RIC CME 750 SURFN:ECONG!llONS 
ANGt.E 90" - NA 

SAMl'I.E --

ii ~ I ! ! SOMPLENUMl!ER ~ - I -I! ~ DEStliiPIION OF lllllERW. 

I 
'- a 1,,4• . " (26,1-37.4 Ft,) CoMµo.ct to dense. light -'- 9 u ". olive gl"'o.y <SY 4/1), F .. ri SAND, NR, wet, -~ .... : ~ 10 ""' .... CSP), (ALLUVIUM) SP ... 
::-31 13 ... 

® -... -'- ... '- -
t: 

... -... ... -
t:::-32 ••• ,L.._ ~ -:: II 1.6' ... 
L.. 9 aiY ". -... .... 

1D """ 
.... SP -- ... --33 14 ... 

© -:: .... 
..:: ... -.... : : : :t..... -..... . ... -1::-34 : : : .~ I-- -:: 16 i,1' .... 
L.. l8 2.0' .... ~ -..... 

20 SSXI CA -..... ... -,._35 24 ::: :..... 0 -
t: -.... : L.. . " 
L.. 

... -t:::-36 ::: t..... ,.__ -7 ll: ... -..... 7 ao• ... -t: 10 '"' 

... SP -.... -t:::-37 14 ... 
® -••• L.. 

(412.6) 37.4 -..... ..;,:..:.· -L- ·~ :.~~::I . (37.4-4C,O ft,) Cot'lpo..c:t, ot.ve Qrny -L- (SY 4/1', welt Qr"'O.chtci SAND, NR. wet. -t:-38 ~ -:: 6 1.J' 
... <SW), (ALLUVIUM) 

L.. lJ 2.0' ":.':\r. -L.. -L.. ll "' l. •·.· SP -
t:::-39 12 

... -· ...... ~ ® -.... ·'·i·I-- -._ . ... '. -~ ... .,, :. -t::- ,40 .·, :.~ L..._ 
~ -10 ,.,. -L.. l4 alY :':::}: -I... 

14 .... SP -..... l :,:. :. -t::- 41 12 .... 
@ -:ti. ft- -,_ . ·- -~ ~ ·: !· : ~ C:408,0) 42.0 

t:::-42 . ' . - 0.0 ppM PID 
End oF So11 Borehole Log c.t 4a.o Ft, -L.. -L- -..... -'::-43 --

z 
D 
r 
d 
r 

"' z 
" ~ r 

"' ~ Q 

"' s.: 
l1i :;,:; 

u 

"' 

"' "' ... 
"' ... 

~ 5l 

§ 
tg <l) 

g 0 

a, ... 
"' ru 
• ~ "' ... 0 

"' ::) .. 
-. -

.::... ,44 --.... -,_ -I... -,_ -

d w 
z I 
a, !::! 0 c;: ... 



. 

II 
~ 

-o ' 

I I c 

g 
\0 

8 
~ 
0. 

! 
ft 

,, 
-20 

...,-:-;-.. ' 
'' . . . . ... ... 
'.' 

~: ~_: ... 
" ' 

.. ' ... 
30 

"' 
.. 

"' . '. .. ' 

" - ". '. -- .. ' 
". -. '.' -

I -- .. ' --- .. . '' -" . ... -- --:;-:-·.: - . ' - " ' .. 
-- ' .. 

',' ... 
: - " ....:.... 
:-

-so 

60 

70 

§.~ 

I 
I 
! 

L 
Not to Seole I 

- - -
Well No. PZ-302-AI 

Boring No X Ref· Pz so2 Al 

PIEZOMETER CONSTRUCTION SUMMARY 

Survey Coords: Northing: 1067210 ft. Elevation Ground Level 450.0 ft. NGVD 
Easting: 514720 ft. Top of PVC Casing 451.15 ft. NGVD 

Drilling Summary: Construction Time log: 
Start Finish 

Total Depth 43.0 ft. Task Date Time Date Time -- -- --
Borehole Diameter 8 114" (0.0-43,0') Drilling -- -- -- --
Casing Stickup Height 1.15 ft. CME 750 9/26196 S:16 Q/26195 11:30 -- -- -- --
Driller Layne-Western -- -- -- --

St. Louis, MO -- -- -- --
Geophys.Logging: -- -- -- --

Rig CME 750 Casing: -- -- -- --
Bit(S) 4 114" ID Hollow Stem Auger Bit, 2" I.D. PVC 9!26/96 12:60 912&/95 12:56 -- -- -- --

3 518" Tricone Bit -- -- -- --
Drilling Fluid Bentonlte Drilling Mud (20.0-42.0') -- -- -- --

Fiiter Placement: 9126/05 13:06 9/ilUea 13:40 -- -- -- --
Protective Casing 8x8" Square Steel, by 5' long Cementing: -- -- -- --

Development -- -- -- --
BentonJte Grout !il/2&/96 14:00 9/26/$6 14:15 

Well Design & Specifications Bentonite Seal ~ T3':To"" 9/?.6/95 13:50 -- -- -- --
Basis: Geologic Log x Geophysical Log ---
Casing string(s): C ~ Casing S : Screen Well Development 

Depth String(s) Elevation 

+ 1.15 - 32.60 C1 451,15 - 417.40 --- ---32.60 - 42.40 s, 417.40 - 407.60 ---
42.40 - 42.70 C2 407.60 - 407.30 ---- ----- - Stabilization Test Data: ---- ----

Time pH Spec. Cond. Temp ('C) 
Casing: G1 2" dia. Schedule 80 PVC, 

flush threaded with 0-rings ---
G2 2" dia. threaded PVC end cap 

(4" long or 0.33') 
Screen: S1 2• dia. Schedule 80 PVC, 0.010• machine 

cul slot, flush threaded with 0-rings 

Sand Pack: 16-35 mesh Silica Sand 27.9-43.0' Recovery Data: 

Filter Pack: 100 mesh Siiica Sand 27.0-27.9' ,oo 
90 
BO 

Grout Seal: Wyo-Ben Grout Well Bentonite Slurry I 
70 
•o 

3.0-23.0' 00 
~ ,o 

Bentonite Seal: Extra high yield Wyo-Ben (100%) M 
00 

Slurry 23.0-27.0' 
20 
,o 

Concrete: 0.0-3.0' 0 
0 20 <-0 eo BO ,oo 

TIME (Minutes) 

Comments: 

Supervised by B. Harrington Slte LAIOLAWIOU2 RI-FSIMO 
J urnb r ob N • 94 84 3-2 8 File Nam • PZ3 02A I 

I 





IIIIJTIII 
LAIDL,\W WASTE BYB'""M!I IHC 

SOIL BOREHOLE LOG 
SIT£ ,_ AHO I.OCA110N DRIIJJNO IIE1'HIXJ: IIORINGNO, 

4.25 Inch t,D,/S.25 mch O,D, Hollow SteM A1;9er PZ-302-AS 

SHEEr 

SAYPUNll IIE1'HIXJ: CALIFORNIA SAMPLER• 2.0• I.D. (CA: l Of' 2 

LAIDLAl,//OU2 RI-f"S/MO 
S:PLIT SPOON1 2.0 inch 0.D,/1.S 1nc:h [.D. (SP) DRIUJNO 

~EST LAKE LANDFILL SHELBY TUBE• 3,0 Inch 0.D./2 13/16 inch I.D. (SH) SW!1' FINISH 
OPERABLE UNIT 2 IWl1!11 LEl'B. 18 FT. TIIE TIME 

TIIE 14=00 lli45 t4135 

Ill.TE 9/25/95 DATE !),\'Ill 
NORTHING• 1067197,73 

CASINO OEPl1i 9/25195 9/25/95 CATUM EASTING, 514737.29 El.EVAl!ON 449.5 20 F'T. 
ORtU. Riil CME 750 SURFM:£ CONOmONS 
N«ll.E 90' - NA 

SAIIPI.E IWiMER 

!I ~ I i I SHIPl:£NUll8ER ~ - I -;i Ii i DOCRIP'llON Of' IIA1ERl,IL 

~ s 1.6' 

IIM 
co,0-1.5 rt.) CoMpo.ct, do.rk yellowish -~ 7 u aro.rtge C5YR 6/63, CLAYEY SILT, f';ne -

L- -I- 5 <Btl:O Ciro.vel sraed pebbles, (FILL) SP -..___ 1 s -~ Ct.5-lS.O F't.) Loose. olive gro.y CD -
~ -I- ~ C5Y 4/D, SILT, NR, dry to wet, SOMe Inter- -- Mixed F1U to 2.5 ft., CSH), CLClESS) -=- 2 - - -4 1,1!1' -

2 
0 
~ 

" ~ 

oi 

= 5 ... -
5 1SZI SP = - 3 6 -® -- -- - E! 3,5 Ft., dnl'lp -- -=- 4 

~ - -:: a,o PPM PID 
\,1' - u -

ii ;;:; ~ 

" .. Q 

"' ;;,, "' !I: ::i:: 
CJ 

"' - ""' -- Ill ST -=- 5 @ -:: - -- -- "' "' - -~ 6 ,- - -'- 1 t.';' :. - 1 ·~· L... 

'"'"' -'- 1 
IN @ 6.7 ft .. MOISt SP -

::- 7 2 -0 -!:: --I- -
::- 8 t::: '-- -0 ~ -.... 0 2,0' -.... -,... 0 ·~~ SP -I- 9 l ilH ® -~ : I-
'-

= '--::-10 I= '-- - 0.0 PPM PID 
I 1,-1' -.... 2 e:w -I- 2 "'"' I SP -~ -1::- 11 2 

© -:: 
I- L... -'-- frcM 11.5-U.7 f't., wet -I- fl"OM 11.7-13.1 Ft., no;st -::-12 .... ,..._ -I a.a• -I- 2 2F -... 1 ho,z SP -... 

IIH -":- 13 4 
(j) -:: FroM 13,1-13.6 Ft,, wet --

,.;:_ 14 
frOM 13.6-15,0 ft., Moist -... ,..._ -4 SP -... 12' 

: ... 5 ao7 • ® ~ 6 
~ """ -3 

' "' ' ;;:; s 

Eil 
C!l 

~ C!l 

9 0 

"' " a, 

"' "' ' < "' N 

" 0 

"' "' N .. 
d 

.;_; 

:z I co 
0 ... G: 



IJIIJl/1111 
LAIDLAW "'ABTE SYS-Ml 1uc 

SOIL BOREHOLE 
SITE ,_ N¥J LOCATION DRIWNCIIEIHOO: 

4.25 inch 1.0.18.25 inch O,D. Hollow Stel'I AugE'T'" 

-..0 IIE1!l0fl:CALIFORN1A SAMPLER• 2,0' J,D. <CA 

LA!DL.AI//OU2 RI-FS/HO 
SPLIT SPOON1 2.0 inch 0.D./l.S tnch I.O, CSP) 

\JCST LAKE LANDf'lLf.. SHELBY TUBE:• 3.0 Inch o.n.1e 13116 inch r.n. CSH) 
OPE:RABLE UNIT 2 IIIATl!R lJMI. IB FT. 

llolE 14100 

llAlE 9/25/95 
NORTHJNGi 10671'.iJ7,7J 

CASINO ll£P11i DAlUM EASTING, 514737,29 E1.£\'A'hON '14 9.5 EO FT, 

ORI.I. RIG CME 750 SURf'ACECONOIIIONS 

NIGi.£ 90• - NA 

!WIPI.£ --

!I i! I I I -.ENIMIER ~ 

I - I ;I DESC!IIP1IOHOf""'1ERW. 

..... ... ~ (15.D-21,9 Ft,) Loose, cllve grc.y SP -
I:: 

... 
(5Y 4/l), Mecl!UM SAND, NR, wet, -... 

® -'--
.... (SP),CALLUVIUM) -t:;-16 '-- - -: l I.S' 
.... ... -I:: 9 aw ... -'-- B "" 
.... 

CA -... 
t:;-17 6 ... 

® -:: .... 
..... . ... -'- : : : :L_ -... --18 : : : ,L.. "--- -...:: 1 2.D' .... -

3 ,. . . ... -
I:: 

.... -5 "'" .... 
SP -'::- 19 9 

. ... -.... 
@) .... 

f'ror, 19.2-21.0 Ft~ tro.ce -to Uttte Silt -.... .... : ..... ... 
in So.nd ,_ ... -

t:-20 ••••'--- '--- -3 I.&' 
... , -... ' '-- 5 21F .... -'-- 5 '""' 
.... -.... . ... SP -'-- 21 4 : : : :' C21.9-~4.0 F't.) Loose, cla.l"'k yellowish 

® -:: ':: 
::: L 

br'OWn (lOYR 6/2), f-M SAND, trttle ir"On -L.... sta.in1ng, NR, wet, (ALLUVIUM) -L.... ... -: ::-22 ... ,__ L ~ 

0 2.0' ... ' .... 0 aw .... -:::: .... -1 ""'' .... SP -c:-23 2 . ... -... 
@ ... -L.... .... -L.... 

.... -..... ... 
(-24.0) 24.0 -... 

'--24 -I:: End oF Soi( Sor-ehole Log Qt 24.0 F't. --L.. -'-- -t:;- 25 -:: 
!.... -..... -,_ -
l::-28 --L.. -L.. -L.. -
t:;-27 -:: ..... -..... -,_ -'-;"" 28 ---
C.:...29 ...: 
!.... -..... -
':: --

LOG 
IIQftlNCNO. 

PZ-302-AS 

SHEEI" 

e Of 2 

~ 

STM!f -'IIIE TIME 
11,45 14135 

llATE llAlE 
9/25/95 9/25/95 

-

0.0 ppl"!. PID 

0.0 ppM PID 

z 
" >-
"' z 
o1 
"' 1 

"' 

"' .. 
"" 

z 
0 
>-

" >-

"' 
~ 

~ 
:,:: 
(.) 

ru "' 

~ s 
"' "' N 

a. 
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Not to Sco!e 

- - -
Well No. PZ-302-As 

Boring No X Ref· PZ 302 AS 

PIEZOMETER CONSTRUCTION SUMMARY 

Survey Coords: Northing: 1067198 ft. Elevation Ground Level 449.5 ft. NGVD 
Eas1ing: 514737 ft. Top of PVC Casing 451.42 ft. NGVD 

Drilling Summary: Construction Time log: 
Start Finish 

Total Depth 22.3 ft. Task Date Time Date [ Time 
Borehole Diameter Drilling 

-- --
8 114" (0.0-22.3') I -- -- -- --

CME 750 Casing Stickup Height 1.92 ft. 9125/96 11:45 9/25/96 14:35 -- -- -- --
Driller Layne-Western -- -- -- --

St. Louis, MO -- -- -- --
Geophys.Logglng: ---- -- -- ---

Rig CME 750 Casing: 
I -- ---- --

Bit(s) 4 1/4" ID Hollow Stem Auger Bit 2" l.D. PVC 9/25/96 14:55. 9/25196 15:00 -- -- -- --
-- -- -- --

Drilling Fluid None -- -- -- --
Fiiter Placement: 9/26/95 16:00 9/25/95 15:4-0 -- -- -- --

Protective Casing 8x8" Square Steel, by 5' long Cementing; -- -- -- --Development -- -- -- --
Bentonite Grout 

Well Design & Specifications Bentonite Seal ~ 15:40 ~ ~ -- -- -- --
Basis: Geologic Log x Geophysical Log 

Casing string(s): C • Casing S = Screen Well Development 

Depth String(s) Elevation 
+ 1.92 - 12.20 Cl 451.42 - 437.30 --- ---

12.20 - 22.00 81 437.30 - 427.50 --- ---
22.00 - 22.30 C2 427.50 - 427.20 --- ---- ----

Stabilization Test Data: -
I 

---- ---- ---- ---
Time pH Spec. Cond. Temp ("C) 

Casing: C1 2" dia. Schsdule 80 PVC, 
flush threaded with 0-rlngs 

C2 2' dia. threaded PVC end cap 
(4' tong or 0.33') 

Screen: 81 2' dla. Schedule 80 PVC, 0.010• machine 
cut slot, flush threaded with 0-rlngs 

Sand Pack: 16-35 mesh Silica Sand 9.9-22.3' Recovery Data: 

Filter Pack: 100 mesh Silica Sand 9.0-9.9' ,00 

00 

eo 

Grout Seal: ;;, 70 

I 
80 

00 
40 

Bentonite Seal: Extra high yield Wyo-Ben (100%) .. ,o 
20 

Slurry 3.0-9.0' ,o 

Concrete: 0.0-3.0' 
0 

0 20 +o 00 60 mo 

TIME (Minutes) 

Comments: 

Supervised by B, Harrington Site LAIDLAWIOU2 RI-FSIMO 

J ob Number 943-2848 File Name PZ302AS 

I 

I 





JIIJTIJIIJ/f 
LAIDLAW WASTE SYSTEMS INC, 

SOIL BOREHOLE LOG 
Sii!: NIM£ N¥:J LOCATION DRIUJNC IETHOD: l!ORINCNO, 

4,25 ;nch J.0./8,25 mch 0.D. Hotlaw Ste>M Au!;Jer' PZ-303-AS 

SHEET -- 1 OF 2 

LAIDLA\.//OU2 Rl-F"S/HO 
SPLIT SPOON1 2.0 inch CI.D./1.5 ini:h I.D. (SP> -VEST LAK( LANDFILL SHELBY TUBE• 3.0 inch 0,D,/2 13/16 Inch J.O. (SH) S1MT FINISH 

OPERABLE UNJT 2 w.l'IER LtVEL 1111£ TIME 

DIE 16•45 a,45 

DAlE 11.<!E DAlE 
NORTHING1 l067763.32 

CASINO D£PTH 10/4/95 10/5/95 
DA'TIJM EAST!NG, 514425.5:3 ELEVATION 450,B 

ORlJ. Riil CME 750 SURl'ACECOIIOIIIONS 

ANGLE 90' - NA 

S,f,Mf'l£ -

i ~ I I I -- ! 

I - I -I! DESCllf'l1QIIOF""1EJlW. 

'- 3 t9' (0,0-3.t ft.l CoMpo.ci;, Mociera. te yeliow;sh 

= '- 5 2.0· brown ClOYR 5/4), SILT, NR, dry, CMLl. 
~ -'- 7 .. , <Flll) SP -'-- 1 9 (i) -'- C3J-4.6 ft.) CoMpc.ct, olive gro.y -'- -~ CSV 4/D, SANDY SILT, NR, dry, CML), -'- i=c <LDCSS) -
:::- 2 

,__ -7 t.a• -'- 7 2.W -

le --= 
z - 6 C9® SP -. Ill -.:::- 3 B 

® --'- -'- -'- ,_ -
:::- 4 ~L ~ -2 ~ -'- 3 (446,2) 4.6 -'- -'- 5 'iQ:O •••• {4,6-7,4 f't,) Leese, olive gro.y (SY 4/t), SP -I=- 5 5 .... 

Fme SAND, tra.ce Sltt, NR. da.r,p, CSP), @ - 0.0 PPM PID .... -L.. 
.... (ALLUVIUM) -.... 

Cl 
115 ,__ 

" z 
Q 

°' "' ;., 
" :t: :,: c., 

'" 

'- .... -'- ... • L.. -
:::- 6 

... : ' ,-.... -1 , . .,. .. ' . -~ 3 2:iF : : : : -
~ -L.. 2 \l'S~l • •'' SP -
:::- 7 3 .... 

0 -.... -..... . ... -.... .... (7.4-12,2 rt.) Loose, olive bla.ck, fine -. ... 
~ ... 

: t:;:1. 
SAND, NR, MCl?t, CSP), (ALLUV[UM) -

:::- 8 .......... -
l 1.7' - Fo.1nt petrclt>1Jn 

L.. ... . - odor E! 7.4 r't . 1 2.0· .... 
L.. 

6 851() ; : : ; SP -.... -
:::- 9 6 .... 

@ -.... -.. .. .... . ... -
t: ... :~ --:::-10 

... : '- ,___ - 0.1 PPM PID 
2 1.2' .... -L.. 2 .... .... -..... -'- 2 tr;a:o , , , • SP -= t::- 11 2 ... 

© .. -,_ .... -~ 
.... -

~ 
.... -:::-12 ... :._ 1-- -3 1.8' 
.... - Strong petrolevt"I 

L.. 2.0' 
.... (12,2-26.0 ft.) CoMpo.ct to dense. r1e-diuM -6 .... odor '- 7 t'l!W : : : : da.rk gro.y C.N4), F'-rt SANO. NR, de.Mp, <SPl, SP ..: '- (ALLUVIUM.) -13 B .... 

0 .... -.. .. -.... 
- .... -'- ... . '- -1::-14 ... 

: L- L ,-.... -6 1.8' : : : SP : '- 5 2.0· • • • • 

® '- 9- C~lU :::: .... . ... - 0.':} PPM PIO 

"' ~ 
"' "' "' ' .. ,., 

~ 
~ c 
"' ~ 

N .. 
d u.i 
z j 
co w 
0 ...J ..., c:: 



IIIJIIIII 
LAIDLAW WA•TI! &YSTEMS INC. 

SOIL BOREHOLE LOG 
SITE IW.IE Niii LOCA110N DRIWNCuntOD: SORINCNO, 

4.25 mch I.D./8.25 inch o.n. HaUow Ster1 Auger PZ-303-AS 

SHEET -- z Cl' z 
LAIDLA\I/OU2 RI-fS/MO 

SPLIT SP[]ON1 2.0 mch 0.D./l.5 Inch I.0, CSP) DfflUJNG 

\JEST LAK( LANDFILL SHELBY TUBE• 3,0 inr:h 0.0./2 13/16 inch I.D. (SH) STAR!' FINISH 
OPERABLE UNIT 2 

- LE\'EL 
Tl.IE TIME 

TIME 1614'5 8"45 

llAlE DA1E llAlE 
NDRTHlNGr 1067763.32 

CASING DEPTH 10/4/95 l0/S/9S DA.TUii EASTlNG.1 514425.53 El.£\IAllON 450,B 

DRIU. RIC CME 750 SURf'M:ECOlllllllOHS 
ANGt.E 90' - NA 

SAMPLE HAMMER 

n ~ I j j SWPI.ENUIIBER I 

i - I -I!! liESCRIP110HQf'IIA1liWL ,_ 

..... : : ; : ~ ClE,2-26,G ft.) Coripnct to dense, MediuM SP -..... da.l""I< grny CN-4), f-M SAND., NR, do.Mp tc wet, -
t: ... ® -t:~ CSP), (ALLUVIUM> -:::-1 s f'l"OM 15.3•15.6 f't., senrt of' olive blcu::k 

~ -s ·~· .... -..... 3 w ... se1ndy SILT -.... 
zj 
c:' 
~ -- 4 '""' 

... 
=--17 

... E! 17.0 f't~ wet SP -!2 .... 
® -'-- .... -- .... -- tw f'rOl'J 17,5-17,8 f't., seo.M of' olive bta.ck --::::- 18 .... - SllT - -6 i.s· .... -- 17 a.a· .... -- : : : : -- 29 ('t0:0 SP --19 49 : : : : 
@ -

t:: .... = ... 

~ 
~ 

ci 

i'i 6 I; 
:!, 0 

"' s.: "' "' :i: :,: 
t) 

"' '- .... -- : : ! :L.. -
i::-20 ····~ - - 6,6 PPM Pl)) ll ... ' -a.o• .... -~ 19 Eir I... 

.... -13 llllrt 

.... 
I... ... SP -t:;:- 21 10 ... 

@ -.... -... ... ... -
t:....22 

.... -... -
: : : L.- - -I... 3 t,';I' .... - Petl"'o!eul'I shel:'n 

'- 5 lDi' .... - rn Split Spoon ... .... -... 10 k95t .... SP -1--23 11 
. ... -... 

@ ,._ ... -
t: 

... -... -,_ ... -... 
t:-24 1:::~ '--- - 3.7 PPM P-ID 

3 e.a· -... ... 16 c.a· ... -,_ 
26 1allz ... -

t:._ 25 
.... SP _;: 39 .... 

@) .... -,._ .... 
I... .... -

'" "' ' "' 
i5:; ~I 

-1 
fi:l 
~ ~ g 

I... .... -I... .... 
(424.9) 26,Q -:::-2& 

.... -.E:nd aP Soil Borehole Log a.t 26.0 f't. -... - "' ,_ -
t:-27 ---,_ -'- -

~ 

"' '" ~ I < 
~ 

.., 
0 

"' "' ..... --28 - N .. 
--

E..29 
---'- -.... -.... -

d ,.;.; 
z I Ill 
0 ... .., c;: - -
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Not to Scole 

' 

Well No. PZ-303-AS 

Boring No X-Ref· PZ-303 AS -
PIEZOMETER CONSTRUCTION SUMMARY 

Survey Coords: Northing: 1067763 tt. Elevation Ground Level 450.8 ft. NGVD 
Easting: 514426 ft Top of PVC Casing 453.18 ft. NGVD 

Drilling Summary: Construction Time log: 
Star\ Finish 

Total Depth 26.5 ft. Task Date Time Date I Time -- -- --
BorehOle Diameter a 114• 10.o-2e.s·) Drilling -- -- --
Casing Stickup Height 2.38 ft. CME750 10/4'&6 if;l:45 10f5J~5 8:45 -- -- -- =1 Driller Layne-Western -- -- --

St. Louis, MO j -- -- -- --· Geophys.Logging: --1 -- --· ----
Rig CME 750 Casing: -- -- -- --
Blt(s) _4 1/4" ID Hollow Stem Auger Bit 2" 1.0. PVC 10/5/95 {;:OO 10/5195 9:05 -- -- -- --

-- -- -- --
Drilling Flulo None -- -- -- --Filter Placement: 1015/95 i:05 10/5/95 9:55 -- -- -- --
Protective Casing 8x8" Square Steel, by 5' long Cementing: -- -- -- --Development -- -- -- --Bentonite Grout 1015/95 io:~s 10/5/95 t0:20 
Well Design & Specifications Bentonite Seal ~ 9:66 W5i9s ""io:cs -- -- -- --
Basis: Geologic Log x Geophysical Log ---
Casing string(s): C = Casing S • Screen Well Development 

Depth String(s) Elevation 
+ 2.38 - 16.00 C1 453.18 - 434.SO --- ---

16.00 - 25.80 S1 434.80 - 425.00 --- ---
25.80 - 26. 10 C2 425.00 - 424.70 --- ---- ---- ---- - Stabilization Test Data: --- ---- ---- ---

Time pH Spec. Cond. Temp (°C) 
Casing: C1 2" dia. Schedule 80 PVC, 

flush threaded with 0-rlngs 
C2 2" dia. threaded PVC end cap 

(4" long or 0.33') 
Screen: S1 2" dia. Schedule 80 PVC, 0.010" machine 

cut slot, flush threaded with 0-rings 

Sand Pack: 16-35 mesh Silica Sand 12.6-26.5' Recovery Data: 

Filter Pack: Less than 50 mesh Silica Sand ,00 

11.8-12.6' 90 
80 

Grout Seal: Wyo-Ben Grout Well Bentonite Slurry 

I 
,o 
00 

3.0-8.0' 50 
40 

Bentonite Seal: Extra high yield Wyo-Ben (100%) ~ ao 

I Slurry 8.0-11.8' 
20 
,0 

0 
Concrete: 0.0-3.0' 0 20 •o 80 80 ,oo 

TIME (Minutes) 

Comments: 

Supervised by 8. Harrington Site LAIDLAWIOU2 RI-FS/MO ---Job Numb~ ' 943-2848 File Na 03 me PZ3 AS 





IIIIJIII SOIL BOREHOLE LOG 
LAii)' ""W WASTE IYSTl!!MS INC. 

Slit - - LOCATIOII 
DIIIW'IG- BCAINCNO, 

4.25 <nc:h l.D./8.25 inch 0,0, Hollow SteM Auger PZ-.304-AI 
3,625 inch Mud Rota.ry SHEET -- 1 OF 3 

LA!DLA\J /OU2 RI-FS/MO 
SPLrr SPOON1 2,0 inch 0.0.11.5 inch I.D, CSP) OOIWNG 

\/EST LAKE LANDP!LL SHELBY TUBE1 3.0 Inch O.D./2 13/16 inch l.D. (SHl STNll' FlHISH 
OPERABLE UNIT 2 

WAml lL\IEI. TIME TIME 1e.s n. - 16100 
a,oa 14,}5 

!WE 10/2/95 l),\yt 1),\1'£ 
NORTHING: 1068125,91 

c:.ISING DEF11i 10/2/95 10/2/95 llATVM EASTtNG, 514-434.70 £1.£11AtlOH 451.6 40.0 fT, 

llRILL RIC CME 750 
SUfff"Aet: -

ANGt£ 90• - NA 

SAMPU: --

b ~ I I I SAlol'I.I! -
I 

I - I RllolWCS 

I! 1!€SCRtPIICN OF um:RW. 

,._ co.o-ce.o rt.) No so.l"<ples collected, see -.... Soil Borehole Log PZ-304-AS for -.... : .... des:criptlons 

:::-1& --
I 

al ,._ -'- -..... -:::-11 -:: 
_ .... -- -
.::.. 18 --'- -..... -.... -,_ -:::- 19 --,._ -'- -

·1 "' 
z 

:1 
c, ?;:; ~ 

"' ~ e "' "' 'f :t: 
(.) 

,,; 

,_ -:::-20 --I- -'- -.... -'::""" 21 --- -- -- -::-22 --- -- ::: -::- :z:s --- -- -- -::-24 --- -'- -'- -t:::-25 --'- -'- -,._ 
...:: :::-2s -.... -.... -

., 
~ .... - "' -21 -.... -.... -'- -
ru 

' :;; 
<') ;; ~ 

" " '- (423.6) 28.0 --,-ze -12 t.6' ·~ :• (28,0-39,3 ft,) COMPO.Ct, light o{;v12 gro.y -
15 2J)' ' .. C5Y S/2)~ 111e\l gro.dec:I, SAND, NR, wet, -- 14 J<ffil:O ; :·: (SIJ}, {ALLUVIUM} SP -,_ -t:-29 12 . ·::.., 

CD -·,··. t· -
I- :··. :.::~ : ,._ 

- 0,0 PPM PlD ~ ..... 

N .. 
cl 

.:.; 
z I 
co LW 
0 

_, 
-, r;: 



""""'"' SOIL BOREHOLE LOG 
LAIDLAW WASTE SYSTEMS INC. 

SIT£ IWj£ ANO I.OCJ.TION ORIUHIW£1ll00t BORING NO. 

4.25 iOCh J.D./8.25 :nch D.D, Hollow Ste,.. Avger PZ-304-AI 
3.625 inch Mud Rota.ry SHm -- 2 Of' 3 

LAIDLAIJ/OUE RI-fS/MO 
SPLIT SPOON• 2.0 inch 0.D./l.5 inch I.D. <SP) DflllJJHC 

\JEST LAKE LANDFILL SHELBY TUBE• 3,0 inch O.D./2 13/16 ;r,c:h J.D, <SH) STARf l'IIIISH 
OPERABLE UNIT 2 WAlER L£V£L 18.5 FT. Tilol£ TIME 

TIME 16•00 
8:00 14115 

Dill!: 10/2/95 Dill!: Dill!: 
NORTHING, 1068125.91 

CASING DEl'lll 10/2/95 10/2/95 0,,1'\Jl,I EASTING: 514434.70 El.£VA110H 451,6 40.o rr. 
CRIU. RIC CME 750 SIJRfACECONOl'IIONS 
N<GU: 90· - NA 

!Woll'I.£ HAliMER 

~ ;I I I I SNJPlE NUlil!ER ~ - i 
REMAR!($ 

!li I O£SCRIP110H Of' -§-
L... 8 1,0' ~ .... (28,0-39,3 ft,) CaMpo.ct, llght ol!ve grQ.y -L... II ff' ... (SY 5/2), wen gra.oled, SAND, NR, wet, -L... ·:~.-::·J SP -L... 12 '"'"' <Svl),. (ALLUV[UM) -t::- 31 13 :·: ... I- @ -.•'. \. ·. -t: -... -L- ~ .. , 't. -t:::-32 2:. •. ;:_ '·I- 1-- -8 tJ• -- JS 2.W -- 15 kss:,., ·:: ~ . SP -c:-33 , .... -12 r; :. :-: ; 1-- @ --L... ... -L... '/:· .... -,_ 

.. ,l ~ -= t:::-34 ,_. 1--

5 1,2' ~:. . •' -..... 8 2,0' ... ~ -... ' .. t SP -4 t&O,O .... 
~ 

: ': :..: -,::-35 3 © - 0.0 ppM PID .... - -L- ..... -L- . ' . 
f'rof"I 35.6-35.a ft., Lignite cot:.l po.rt1co.( -,_ .. :·:' -= ::-311 ·.·j.~ _, 

~ 

J,I ;:&'. ,· . ' -- 6 2.0· ... -- .. , I -- 6 100..: ... ;. )• SP -::-37 7 .,. 
® -8 . '. -..... - . ~ :,. :· -- -

z c 
>--

>--

" ii§ 
~ >--

"' :!: c 
"' ;;., "' <: :,: :,:: (.) 

"' 

- ~ :,:,, -
::-38 

_, 
~ -9 1.3' 

... -- 9 aO' ~:;·:.r: -- -17 657.) SP -..... 
: .. :.. ~? ...... 39 16 
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IITIJi/111 SOIL BOREHOLE LOG 
LAIDLAW WASTE BY8TEM8 INC. 

Sin'. NAM£ "'° LOCATION ~ NEIHOO, BOR!NGNO. 

4.ZS inCh l.D./8.25 ;nc;h Q,O, Hollow Stef"\ A1.,19er PZ-304-AI 

3,625 inch Mud Roto.ry SHEET -- . 3 o; 3 

LA!DLA\J/OU2 RI-f"S/MO 
SPLIT SPOON• 2.0 inch 0,D,/l.5 fnch LD. (SP) Dft!UJNG 

VEST LAKE LANDFILL SHELBY TUBE• 3.0 inch 0.D,/2 13/16 inch LD, <SHl STMt FINISH 
OPERABLE UNlT 2 WATER LEVEi.. 18.5 f"T. 11M£ llllE 

llME 16100 . 
a,oo l4tl5 

om: 10/Z-/95 0/l'IE DAT£ 
NORTHING1 1068125.91 

CASlNG DEl'l1i 10/2/95 10/2/95 
DA1'\M EASTING, 514434,70 El.£VATION 451.6 40.0 FT. 

llR!IJ. RIG CME 750 S!JMACECOHOl1'lONS 
ANOCE 90· - NA 

SIIMPI.£ KIMMEii 

h i! I I I -- ! 

I - I -OEllCRIPllONMM.t:IERIAL 

.... (39.3-46.0 f"t.) CoMpo.ct to dense, olive SP - 0,0 PPM PID I- .... 
i:: 

.... gro.y CSY 4/D, f-n SAND, NR. wet, CSP), © -.... -
I- .... CALLUVlUMJ (405.6) 46.0 -
:::- 46 

.... -3 1,2' ·' ·. •.• 
<46.0-48.4 f"t.) Loose, olive grasy -

I- 3 e.W 
f'-, ! .. ~. ~ (SY 4/1), well gro.deci SAND, SOMI:.' f"ine -

I- 6 (60:0 Gro.vel, NR, wet, (S'w), <ALLUVIUM) SP --
E-47 6 t • •• : @) -. ~ ... I- -

~":"" ! · •• :: -
" · .• : !. --,-48 ' .. - - -:· .. · .. 
~ 9 l.J' 

~ <403.2) 49.4 -
i:: 12 l111' (48.4-::JO,O rt.) l..."OMpact, olive grc.y -

17 651!;) :: : : ~ SP -
I- {SY 4/D, P--M SAND, tr-a.ce coo.rse So.na ond -
:::- 49 15 .... 

/:'me Gro.vel, NR, wet, (SP), (ALLUVIUM) ® -:: .... .... ,... 
I- -

ii ,-

"' ,-

"' z 
0 ~ ,-
c, 
z 
~ Ii 

<t ::c: :,: 
{.,) 

"' I- .... -
:::... 50 

.... (401.6) ~o.o -.... - 0,0 ppM PJD - End of Sea Borehole Log c.t 50.0 f"t, -- -
I- -
I- -,-.51 -
I- -
I- -
I- -
E-s2 

---- -
I- -
I- -f--53 -
I- -
I- -
I- -
:::... 54 

--
I- -
I- -
I- -
:::... 55 

--- -.._ -
i:: : 
f--56 -
I- -
I- -,.... -
:::... 57 --.... -
'""' ---- -.,,..- 58 ----
~ --59 -- : -- --
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- - -
Well No. PZ-304-AI 

Boring No X Ref· PZ 304 Al 

PIEZOMETER CONSTRUCTION SUMMARY 
Survey Coords: Northing: 10681.26 ft. Elevation Ground Level 451.6 ft. NGVD 

Easting: 514435ft. Top of PVC Casing 454.02 ft. NGVD 

Drilling Summary: Construction Time log: 
Start Finish 

Total Depth 50.0 tt. Task Date Time Date Time -- -- -- --Borehole Diameter a 114" (o.o-50.0'l Drllllng 
2.42 ft. CME750 -- -- -- --Casing Stickup Height ,0/2/iS 8:00- 10/2195 14:1$ -- -- -- --Driller Layne-Western -- --

St. Louis, MO 
-- --

-- -- -- --Geophys. Logging: 
Rig CME 75, Schramm Portadrill T660H 

--
Casing: 

-- -- --
-- -- -- --Bit(s) 4 1/4" ID Hollow Stem Auger Bit 2" 1.D. PVC 10/2195 14:20 10/2/86 14:25 -- --3/8" Tricone Bit -- --
--Drilling Fluid Bentonlte Drilling Mud (23.0-50.0') -- -- --
-- -- -- --Filter Placement: 1012/95 14:25 10/2/$S 16:10 

8x8" Square Steel, by 5' long -- -- -- --Protective Casing Cementing: -- -- -- --Development -- -- -- --Bentonite Grout 1012/95 15:45 10/2/95 16:45 
Well Design & Specifications Bentonite Seal 10/2195 ~ ~ 15:20 -- -- -- --
Basis: Geologic Log x Geophysical Log --- .. 
Casing string(s): C = Casing S = Screen Well Development 

Depth String(s) Elevation 
+ 2.42 - 39.00 C1 464.02 - 41.2.60 --- ---39.00 - 48.80 s, 412.60 - 402.80 ---
48.80 - 49.10 C2 402.80 - 402.50 ---- ----- - Stabilization Test Data: --- ---- ---- --- ---

nme pH Spec. Cond. Temp ('C) 
Casing: c, 2" dia. Schedule 80 PVC, 

flush threaded with 0-rings 
C2 2" dia. threaded PVC end cap 

(4" long or 0.33') 
Screen: S1 2" dia. Schedule 80 PVC, 0.01 o• machine 

cut slot, flush threaded with 0-rings 

Sand Pack: 16-35 mesh Siiica Sand 36.5-50.0' Recovery Data: 

Filter Pack: 100 mesh Silica Sand 35.9-36.5' 100 

oc 
60 ' 

Grout Seal: Wyo-Ben Grout Well Bentonite Slurry I;; 70 

I 
60 

3.0-32.0' 00 
40 

Bentonite Seal: Extra high yield Wyo-Ben (100%) "' ,o 
20 

Slurry 32.0-35.9' ,o 

Concrete: 0.0-3.0' 0 
0 20 •o 60 00 ,co 

TIME (Minutes) 

Comments: 

Supervised by 8. Hanington Site LAIDLAWIOU2 RI-FS/MO 
Job Number 943 2848 - Ft!e Na.me PZ304AI 

i 





llllilllfl 
LAIDLAW WASTE 8'f8T!MS INC. 

SOIL BOREHOLE LOG 
SITE >WIE ANO I.OCATIOII DRIWNll MEIHOO: llORING NO, 

4.25 inch J.D./B,25 inr;h 0,D, Hollow S teM Awger PZ-304-AS 
SlfEET -- l OF 2 

LAfDLA'w'/OU2 Rl-FS/MO 
SPLIT SPCONr 2.0 inc:h O.D,/1.5 inch t.D. CSP) Dflll.l.lNC 

'wE:ST LAKE LANDFILL SHELBY TUBE• 3.0 tnr.::h O.D./2 13/16 Inch r.n. (SH) S!Al<J' FllllSH 
OP(RABLt UNIT 2 Wl<ral WIEI. TIME l1ME 

TIME lOtlD 12t10 

Dl\1E DI\TE 0/\lE 
NORTHING: 106814G.47 

CASING De>!H 9/27/95 9/21/95 
Dl\1UW EAST!NG, 514434.57 £1.EVA'IION 451.4 

OfllU. RIG CMe: 750 SURf'Aa:CClHlll'IIONS 

ANCll.E 90' - NA 

SAMPI.£ -IIER 

n i! i I I - NllllllEII 
J 

11111 i REIMICS 

I DE'!il:IIIPl'IONOF-

... • J.e• 

IIM 
(0.0-3,7 ft.) t..oose. Moder-o.te yeUow1sh -~ • w brown CtOYR S/4), S:JLT, NR. dry, (ML). -L... -.... 4 C'la:O (FJLL) SP -,..__ 1 7 

CD -,_ 
@ 0.E, ft., cla.Mp -~ : '-

'- - CJ.7-6.8 Ft.) CoMpnct, ol1ve- gro.y -t::- 2 
_, 

C5Y 4/D, SJL T. NR, dnl'lp, (ML). CLOESS:) - -6 1.5' -

z 
" ... 
=! 

ai - a air -
Ill e 6.0 Ft., trdce orgnn1c na. terio.l -7 "" SP -

3 B --- ® -.... -~ - -L... -t::- 4 - - -:: 3 J,7' .... 4 2.0· -.... 5 '" -~ IH SP -: '"--- 5 6 

0 L... 
L... -I- -,_ .... -,..__ 6 .... - -
I:: 2 1.6' : 
'-- 3 aW - 0.0 ppM PID .... 4 "'"' !IH SP -,..__ 7 4 CE.,B .. Hl.4 Ft,) Locse, olive gr-o.y 0 -,_ 

CSY 4/1}, f'me SANDY SILT, NR, Qo.Mp, -,__ : ~ ~ <ML,, CLDESS) 
L... -'--- 8 '- '-- -'-- 2 1 . .2' -'-- l !':@' -.... I -,_ 2 t&c:a SP -: ,..__ 9 2 

® ~ ~ 

'- -L... 8 a.4 ft~ MOlSt -

i1i 
£i:i ... 

"' z 0 °' "' Sc:: 
~ :,;; 

0 

" 

"' "' ' "' ' £i:i g 

fil 
(!) 

i (!) 

g 

.... -t::- 10 '- '-- -I 1.1' -.... 3 ;;:;, -.... 5 '"' 1111 
(10.4-13.0 F't.) Loose, ollve gra.y -~ CSY 4/D, SILT, NR, do.Mp, CML>, (LOE:SS) SP -

5 -i::- 11 © -.... -.... - c, 
~ 

L... ~ -l:;:- 12 '- '-- -l 1.6' -,_ 
2 2]i' --,_ 
4 '"" SP - a.a ppn Pin ,_ (438.4) 13.0 

-13 11 
" 0 -: 
" 

(1:l.0-14.2 f't.) Loose, olive 9r"0.Y -'. : I- (5Y 4/1), SIL. TY fine SAND, NR, MOist, -" (SM), CALLUV[UM) .... .. -l:;:-14 
.. ·- (437.2) !4.2 '-- -s 1.7' ' 

\14.r!~G,,J T~.1 1..0l'lpac:t 'to dense, 1;ght SP : ,__ 7 e]i •••• 

® t: ,~'!. 1$>;) : : : : olive Qr'"llY (5Y 6/1', Fin~ SAND, NR, d'11Mp, -.... (SP), (ALLUVIUM) -

"' '" ~ ' .., 
~ 0 

"' "' N 
"-

cl 
,...; 

z ! 
CD :!:l 0 c;: -, 



"'""""" SOIL BOREHOLE LOG i.AIOLAW WAITE BYBTEMB INC. 

sm: - - t.OCATlON 
llflU.mCIIElltOOI IIORIHQ NO, 

4,25 men t.n.,e.25 inch O,D, Hollow Stel'I Auger PZ-304-AS 

SHl:ET -- 2 OF 2 

LAIDLA\J/DU2 RI=FS/MO 
SPLIT SPOON• 2.0 inch 0.D,/1.5 inch LD, (SP) DRIWNG 

VEST LAKE LANPF'!LL SHELBY TUBE• 3.0 inch O.D./2 13/16 ;nch l,D, CSH) !!TARI' FINISH 
OPERABLE UNIT 2 

- LE'IE1. 
1111E 11111! 

1111E 10,10 t2•10 

IIME DATE DATE 
NDRTHING1 1068146.47 

CASlNO llEl'lH 9/27/95 9/27/95 DA11M £:ASTINGi 514434.57 EI.E.VA'IION 451.4 
DfW. RIC CME 750 SURl'Al)f: COHOmONS 
ANGlE 90' lll!'ARlliG NA 

SMIPI.E !WIMER 

!I ~ I I I -- ~ - I AEMolRKS ;i Ii I DEllCRll'TlOH OF MAlfRW. 

- ... ·~ (14,2-21,l ft.) COMf)QC:t to dense, ltght SP -.... .... olive gro.y (SY 6/1), fine SAND, NR, de.Mp, 

® -.... -
:=...16 

: :: - (SP), (ALLUVIUM) -::::- r-- -9 1,4' -- ... 
: 

.... l5 2.0' ... ..... l7 (70:0 . .. 
SP >- ... -t--17 ll .... 
© -.... -,- : : : :.._ --

5 ... 
= ~ 

'° .... e t7.7 ft., MO!St : o.o ppr, PtD -18 ,__ - Slight orga.na: ····- @ lB,O rt .. wet ~ 5 t.B' - odor" i:: & l!lr .... -.... -- 14 '""' .... SP -= 24 .... 
-19 .... 

@ - .... -... -- ... 

z 
"' ~ ... 
"' z 

Q 

°' "' S.:: 
"' :c :r c., 

'° -- : : : :r- --;:-20 : : : ·r- ~ -i'! 1,7' -.... -- l5 2.ir ". -- 18 "" 
... 

SP -:::._ 21 
.... 

14 ... 
@ -.... 

: 
,__ ... .... . ... 

-..... 
••• 1-- -:=...22 .... .... r-- - 0.1 ppl'I PIO 3 0.1· -,- :::·· -':: 5 2.D' ... -8 I= ... - SP -.... 

l4 . ... -,-23 ... 
® ,- .... -.... -,- .... -,- .... 

-i=-24 
.... 

!-- " - -3 1.6' ... -~ .... -,- 5 air ... 
->- 14 CQll:O ... 

SP -:=...2s 
... 

l5 ... 
@ -.... -,- .... 

-,- .... ... : : : :._ -- : : : .1- -= 0.0 ppn PtD ~26 ~ 5 ,.,, . .... -- ll aO' .... -.... -- 12 """' ... 
SP -=-21 13 

... -... 
@ ... - (27.1-29.0 rt.) Cor1pa.ct, olive gra.y -- ... -,- ... (SY 4/D, f'-n SANTI, NR, wet, (SP), -,.... ... 

(ALLUVIUM> (423.4) 28.0 -: ,--28 ... 
End oF Stli\ Boreholr, Log a. t 28.0 ft. 

a, .. 
"' "' "' ' < M ... .. 0 

'" "' ... .. 
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d ,;.; 
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- - -
Well No. PZ-304-AS 

Boring No X Ref· Pz 304 AS 

PIEZOMETER CONSTRUCTION SUMMARY 
Survey Coords: Northing: 1068146 ft. Elevation Ground Level 451.4 ft. NGVD 

Easting: 514435 It. Top of PVC Casing 453. 71 ft. NGVD 

Drilling Summary: Construction Time log: 
Start Finish 

Total Depth 28.0 ft. Task 

I 
Date Time Date Time -- -- -- --Borehole Diameter 8 114" (0.0-28.0') Drilling -- -- ----Casing Stickup Height 2.31 ft. CME750 9/27/95 10:10 9/27/95 12:10 -- -- -- --Driller Layne-Western -- --St. Louis, MO -- --
-- -- -- --

Geophys.Logglng: -- -- -- --Rig CME 750 Casing: -- -- -- --Bit(s) 4 1/4" ID Hollow Stem Auger Bit 2" I.D. PVC S/27195 13:40 9J27/fl5 13:45 -- --- -- ---
-- -- -- --Drilling Fluid None -- -- -- --Filter Placement: G/27195 13:46 fi/V/95 14:30 -- -- -- --Protective Casing SxB" Square Steel, by 5' long Cementing: -- -- -- --Development -- -- -- --

Well Design & Specifications 
Bentonite Grout 
Bentonlte Seal ~ 14:30 9/27/95 14;45 -- -- -- --

Basis: Geologic Log ~ Geophysical Log ---
Casing string(s): C = Casing S = Screen Well Development 

Deoth Strinafs) Elevation 
+ 2.31 - 17.10 C1 4S3.71 - 434.30 --- ---17.10 - 26.90 S1 434.30 - 424.50 --- ---

26.90 - 27.20 C2 424.50 - 424.20 --- ---- ---- ---. - Stabilization Test Data: --- ---- ---- ---
Time pH Spec. Cond. Temp (°C) 

Casing: C1 2' dia. Schedule 80 PVC, 
!lush threaded with 0-rlngs 

C2 2" dia. threaded PVC end cap I -
(4" long or 0.33') 

Screen: S1 2" dla. Schedule 80 PVC, 0.01 o• machine 
cut slot, flush threaded with 0-rings 

Sand Pack: 16-35 mesh Silica Sand 12.8-28.0' Recovery Data: 

Filter Pack: 100 mesh Silica Sand 11.s-12.a· 100 
00 

BO 

Grout Seal: l;; 
70 

~ 
60 
00 

~ 40 
Bentonlte Seal: Extra high yield Wyo-Ben (100%) N 

30 

Slurry 3.0-11.5' 
20 
IO 

Concrete: 0.0-3.0' 0 
0 20 40 60 eo 100 

TIME (Minutes) 

Comments: 

Supervised by 6. Harrington Site LAIOLAWIOU2 RI-FSIMO 
Job Number 943 2848 . File Name PZ3 04AS 
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Drilling Log 

ProleOINamo Boring No.:S _ eJ 2. w e.s r 1-A "'.e: 
l'rcfeCIND. 

84-075"-.l.f-00'2. 
Page of 

1 2.. ' . 
Ground E!avauon ILN~ Total Footage 

"l't7~7 te."~I Sec h,,,_ oJl S, re· Fi« 1:- 2. 'a", S" , 
Dl1111ngType Hole Size -- BedrockFoolOge No. of Samples No. i...""Dr8 Boxes Depth To Water Date Measured 
5££ :s,r:e· a, ,s- 0 s 0 

s ..... 
r.i"'A'1k~ .,~..,,,./.! .. <' -~ 8!1>1'4-11 *'-' -
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Sample 
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TECHNJCALSEAVICES 
GEOTECHNICAL DEPARTMENT Drilling Log (continued) 

BoringNo. 5-8G. 
Project Name Pege '2. of '2. 

Project No. Date a - 2 7 -S"I ....,,. 
Depth · Description 

Log 
or 

Class 
Blow Recov. 
Count & Loss 

Box or 
Sample 

No. Remarks 
---

I.. q;:, f./. r' 14 fl. 0 i.,/ I\J F' I N It. .,. IJ 

Si+N.J>, 1:11<-fh.P 

15: -- f;Q.01.\1111 ~lt..'!"'r' <-t..A.V l'\&.llli.tl'\ 
- ~ , 
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APPENDIX C 

 
GEOLOGIC CROSS SECTION 
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Notes: These cross-sections were developed to display groundwater conditions beneath the site.

Please see the cross-sections in Appendix M for detailed portrayals of the RIM occurrences in Areas 1 and 2.

  Ground surface from Aerial Topography provided by Cooper Aerial Surveys Co. and is dated December 2, 2016
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PERMANENT MONITOR INSTALLATION SPECIFICATIONS 
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GAS MONITORING WELL CONSTRUCTION SPECIFICATIONS 
 

 -1- Recommended Gas Well Construction  
  Procedures Standard Operating Guidance  

1.0 DRILLING 

 

1.1 Nominal Boring Diameter 

 

In all cases where the diameter of the well pipe will be 1.0 inches, the minimum nominal borehole 

diameter of borings advanced through soil materials will be 5.0 inches in order to help ensure that 

the minimum width of the annulus around the well pipe will be 2 inches. 

 

1.2 Drilling Methods 

 

Borings should be advanced with drilling technology appropriate for the subsurface conditions at 

the site.  Drilling methods shall facilitate extraction of drill cores for physical examination and 

classification of soils relative to gas transmission potential. 

 

1.3 Cuttings 

 

Drilling will be performed in a manner that minimizes the spreading of soil cuttings. Disposition 

of cuttings upon project completion will be the responsibility of Owner/Operator or the 

Owner/Operator’s designated representative. Cuttings will be disposed of in accordance with 

applicable site and or local regulatory requirements. 

 

2.0 SOIL SAMPLING 

 

2.1 Drill Cores 

 

During borehole drilling, the driller will attempt to retrieve continuous drill cores for physical 

observation.  If any drilling interval is interrupted and a continuous core not retrieved, such 

intervals shall be noted in drilling logs including interpretation of probable stratigraphy based on 

core samples above and below the interrupted interval. 
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 -2- Recommended Gas Well Construction  
  Procedures Standard Operating Guidance  

2.2 Sample Disposition 

 

Disposition of sample material upon completion of the project will be the responsibility of the 

Owner/Operator or the Owner/Operator’s designated representative. 

 

3.0 GAS WELL CONSTRUCTION 

 

3.1 Gas Well Pipe and Screen 

 

Each monitoring well will be constructed of pre-cleaned Schedule 40 PVC pipe having an inner 

diameter of 1.0 inches (minimum).  The use of threaded joints is recommended for all installation.  

The base of each well will terminate with a screen 10 feet in length unless otherwise required by 

project specifications. Screens will be factory-slotted. Slots will be 0.01 inch in width (maximum). 

 

All personnel handling well materials will wear clean nitrile gloves and shall utilize appropriate 

decontamination procedures between drilling locations.  All drilling equipment and materials shall 

be maintained in a clean manner. 

 

Use of PVC pipe cutters is recommended whenever necessary to shorten sections of the PVC well 

pipe.  Use of hacksaws or similar cutting implements is not recommended. 

 

3.3 Sand Pack 

 

Filter sand will be a clean sand of proper size in relation to the screen slots to prevent its passage 

into the well, with no fraction coarser than 0.25-inch nominal diameter. 

 

Filter sand will be placed in the annulus around the well riser and to a point approximately 2 feet 

above the top of the screen. A tremie pipe shall be used whenever feasible for sand placement in 

excess of 10 feet. 
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 -3- Recommended Gas Well Construction  
  Procedures Standard Operating Guidance  

3.4 Bentonite Seal 

 

The annulus around the well pipe will be sealed with a layer of bentonite pellets, to be placed 

directly above the sand filter pack. The minimum thickness of the bentonite layer will be 

approximately 2 feet. The bentonite pellets should ideally be allowed 24 hours for hydration prior 

to continuing with well construction. A tremie pipe will be used where feasible for seal depths in 

excess of 10 feet. 

 

3.5 Grout 

 

Following hydration of the bentonite seal, each boring will be sealed with a Portland Type I 

bentonite/cement slurry, using the tremie pipe method or a bentonite slurry grout if required by the 

project. 

 

Bentonite content in the cement slurry will be 2 to 5 percent by weight to help reduce shrinkage. 

 

3.6 Surface Completion 

 

All wells shall be completed as stick-up installation including use of a locking protective casing 

and concrete apron.  The PVC riser will be provided with a slip type end cap.  The end cap shall 

be fitted with a threaded stainless steel ¼ inch quick connect type fitting.  The PVC riser (well 

pipe) will extend to an approximate height of 1.75 feet above the top of the concrete pad.  

 

An outer locking protective casing shall be mounted within the concrete apron leaving 

approximately 2 inches of clearance to the top if the PVC riser.  The driller will provide a lock for 

each protective casing. All locks will be keyed identically and all keys relinquished to the owner. 

 

The apron will be constructed in such a manner that surface water will not return to it.  The concrete 

apron will have the following minimum dimensions: 3 feet x 3 feet x 3.5 inches, and will be 

centered with respects to the riser and protective casing. A form will be used in constructing the 

apron. The upper surface of the apron will be graded to provide drainage away from the PVC riser. 
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 -4- Recommended Gas Well Construction  
  Procedures Standard Operating Guidance  

A spike will be set into the pad for surveying purposes. 

 

The outer protective casing will be constructed of steel pipe having a diameter, or diagonal, of not 

less than 8 inches. A drain hole having a diameter of 0.5-inch will be drilled through the outer 

protective casing near the top of the concrete apron. Shavings generated by drilling the steel casing 

will be prevented from falling into the well. The casing will be marked for surveying purposes. 

 

4.0 SURVEYING 

 

A licensed surveyor will survey each gas well elevation. Survey point(s) will include: 

 

• concrete pad (marked with a spike) within + 0.01 foot; 

• outer protective steel casing, when open (engraved mark); 

• inner PVC well pipe (engraved mark) within + 0.01 foot; 

• ground surface (not marked); 

• well location to within + 0.5 foot in horizontal plane; and, 

• ground surface elevation to within + 0.1 foot. 

 

5.0 WELL DEVELOPMENT AND INSPECTION 

 

Not required unless dictated by specific site conditions. 

 

6.0 ANCILLARY REQUIREMENTS 

 

6.1 Extraneous Material 

 

The driller will take all reasonable care to ensure that each boring is free from all materials other 

than those required for well construction. Materials required for well construction is here defined 

to include polyvinyl chloride (PVC), sand, bentonite, Portland cement and natural soil materials. 

All other materials accidentally or purposely placed in the hole will be removed by driller prior to 

well completion. 
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 -5- Recommended Gas Well Construction  
  Procedures Standard Operating Guidance  

 

6.2 Decontamination 

 

All drilling equipment (drill steel, bits, casing materials) and any additional equipment, that 

contacts subsurface formations may be decontaminated prior to on site use, between consecutive 

on site uses, and/or between consecutive well installations, as directed by Owner/Operator or 

Owner/Operator’s designated representative. 

 

Appropriate decontamination procedure will consist of steam cleaning with potable water and 

biodegradable detergent (e.g., Alconox) approved by Owner/Operator or Owner/Operator’s 

designated representative. Steam cleaning will be conducted in a manner that minimizes over-

spray and runoff. 

 

6.3 Disposition of Waste Water 

 

If drilling fluids are used or monitoring wells constructed in an area of suspected contamination, 

well development wastewater will be placed in 55-gallon drums at the well site and subsequently 

disposed by the Owner/Operator. 

 

6.4 Site Safety Plan 

 

The driller is responsible for maintaining the personal safety of his employees while on site. The 

driller shall provide a copy of the project safety plan for review by the Owner/Operator no less 

than 7 days prior to commencement of field work. 

 

6.5 Cleanup 

 

The driller will be responsible for removing all refuse from each well site. Such refuse typically 

includes, but is not limited to, PVC pipe wrappers, sand bags, bentonite bags, cement bags, 

beverage containers, food wrappers and other forms of litter. Smoking on site will not be permitted. 
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 -6- Recommended Gas Well Construction  
  Procedures Standard Operating Guidance  

The driller will be responsible for providing the following information to the Owner/Operator’s 

designated representative after well installation has been performed: 

 

• date and time of construction; 

• drilling method and fluid used (if applicable); 

• boring diameter; 

• well pipe (inner casing) specifications; 

• well depth (+/-0.01 ft.); 

• drilling/lithologic logs; 

• specifications for other casing materials (if applicable); 

• screen specifications; 

• well pipe/screen joint type; 

• filter pack specifications (material, size); 

• filter pack volume and calculations; 

• filter pack placement methods; 

• bentonite seal specifications; 

• bentonite seal volume; 

• bentonite seal placement method; 

• grout specifications; 

• grout volume; 

• grout placement method; 

• surface completion specifications; and, 

• well development procedure. 
 

7.0 WELL CONSTRUCTION AND SOIL BORING LOGS 

 

Certified copies of well construction and soil boring logs will be forwarded to the MDNR by the 

driller in accordance will applicable requirements following completion of well construction 

activities. 
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